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Abstract  

The monitoring of chemical contaminants , as required by the M arine Strategy Framework 

Directive (MSFD)  Descriptor 8 , should allow for the seamless  protection of the marine 

environment  against chemical pollution . A list of priority substances (PS) at EU level is 

provided under  the Water Framework Directive (WFD)  for coastal and territorial waters. 

EU Member States may also identify in their coastal waters substances of national or local 

concern (River Basin Specific Pollutants , RBSP).  The MS FD provisions foresee the consid-

eration of contaminants  that are not covered by the WFD,  but entail a signific ant risk to, 

or via,  the marine environment . A close collaboration with Regional Sea Conventions is 

crucial, as contaminants cross national and EU borders.  

Chemical substances occurring in the marine environment might  deriv e from  specific sea-

based  sources, such as shipping, mari culture, offshore oil and gas production, marine re-

newable energy devices, seabed mining , dredging of sediments , dumping of dredged ma-

terial and historical  dumping . This report consists of  a scientific review of the literature to 

compile  a list of marine specific contaminants potentially entering the marine environment  

from these sea -based sources . It also provide s an overview of the environmental polic y 

instruments and frameworks in place to  oversee and regulate the se substances  within the 

EU.  

The resulting list  should support  Member States in setting -up of monitoring approaches , 

including hotspots screening , and therefore,  help guide the selection of relevant sub-

stances for MSFD Descriptor 8 implementation  and  also  contribute to the work done in 

RSCs. 
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1  INTRODUCTION  

The Water Framework Directive (WFD, 2000/60/EC 1)  sets out the framework for the pro-

tection of surface waters  against chemical pollution . The first step was to establish a first 

list of of substances of European Union (EU) -wide concern (the priority substances , PS) as 

a means to assess the chemical status of water bodies up to 12 nautical miles from the 

straightened coastline (Decision 2455/2001). This first list was replaced by the Directive 

on Environme ntal Quality Standards (EQSD, 2008/105/EC 2) , which set s environmental 

quality standards (EQS) for the se substances as well as for eight other pollutants already 

regulated  under the scope of the Directive 86/280/EEC 3. The WFD requires the Commis-

sion to review periodically the list, and in 2012 it put forward a proposal for a Directive 

amending the WFD and the EQSD as regards to PS (Directive 2013/39/E U4). The next WFD 

priority substances review is currently ongoing and completion is expected  by 201 6. In 

addition , the WFD requires the selection by Member States of substances of national or 

local concern (river basin specific pollutants, RBSP), which form part of the quality ele-

ments for "good ecological statusò up to 1 nautical mile.   

The Marine Strategy Framework Directive (MSFD, 2008/56/EC 5) aims to achieve Good 

Environmental Status (GES) for Europe's marine waters by 2020. It completes the cover-

age of marine waters by provisions for substance selection in the areas covered by Euro-

pean legislation ( fig . 1). The input of contaminants into the marine environment is con-

sidered under MSFD Descriptor 8 ñConcentrations of contaminants are at levels not giving 

rise to pollution effectsò as one of the anthropogenic pressures which needs to be assessed 

by EU Memb er States. According to  MSFD requirements  (Commission Decision 

2010/477/EU 6),  Member States  have to take into consideration  the relevant provisions of 

the WFD in territorial and/or coastal waters to ensure proper coordination of the imple-

mentation of the t wo legal frameworks . Moreover, Member States  have to consider  also 

substances or groups of substances  which are  not listed as PS or RBSP  but  may entail 

significant risks to the mar ine environment . H ence , Member States should  have also re-

gard to the information and knowledge gathered and approaches developed in  Regional 

                                                           

1 Directive 2000/60/EC of the  European parliament and of the council of 23 October 2000 

establishing a framework for Community action in the field of water policy. http://eur -

lex.europa.eu/resource.html?uri=cellar:5c835afb -2ec6 -4577 -bdf8 -

756d3d694eeb.0004.02/DOC_1&format=PDF  
2 Directi ve 2008/105/EC of the European parliament and of the council of 16 December 

2008 on environmental quality standards in the field of water policy, amending and sub-

sequently repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 

84/491/EEC, 86/280/ EEC and amending Directive 2000/60/EC of the European Parliament 

and of the Council. http://eur - lex.europa.eu/legal -con-

tent/EN/TXT/PDF/?uri=CELEX:32008L0105&from=EN  
3 Council directive of 12 June 1986 on limit values and quality objectives for discharges o f 

certain dangerous substances included in List I of th e Annex to Directive 76/464/EEC 

(86/280/EEC) . http://eur - lex.europa.eu/LexUriServ/LexUriS-

erv.do?uri=CONSLEG:1986L0280:20090113:EN:PDF  
4 Directive 2013/39/EU of the European parliament and of the counci l of 12 August 2013 

amending Directives 2000/60/EC and 2008/105/EC as regards priority substances in the 

field of water policy. http://eur - lex.europa.eu/LexUriServ/LexUriS-

erv.do?uri=OJ:L:2013:226:0001:0017:EN:PDF  
5 Directive 2008/56/EC of the European parl iament and of the council of 17 June 2008 

establishing a framework for community action in the field of marine environmental policy 

(Marine Strategy Framework Directive). http://eur - lex.europa.eu/LexUriServ/LexUriS-

erv.do?uri=OJ:L:2008:164:0019:0040:EN:PDF  
6 Commission decision of 1 September 2010 on criteria and methodological standards on 

good environmental status of marine waters. http://eur - lex.europa.eu/LexUriServ/LexUr-

iServ.do?uri=OJ:L:2010:232:0014:0024:EN:PDF  
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Sea Conventions (RSCs)  which cover EU marine regions or sub - regions:  OSPAR7, HEL-

COM8, Barcelona Convention 9, and Bucharest Convention 10 .  

 

 

 

Fig. 1 . Coverage of substances in marine waters by WFD and MSFD .  

 

The aim of this report is, therefore, to compile  a list of chemical substances that might be 

released from major sea -based human activities  (shipping, mariculture, offshore opera-

tions, seabed mining, dredging and d umping at sea, and shipwrecks) and occur in the 

marine environment .  It is important to bear in mind that the substances are listed without 

taking into account their toxicological properties and/or marine concentrations , so this 

report  should not be regarded as as a risk assessment.  

The report also provides an overview of the relevant policies and regulations and RSC 

programmes dealing with the identified substances, thus allowing the analysis of their 

management and control in Europea n marine waters. The outcome list might provide sup-

port for  setting -up of monitoring approaches, e.g. through target screening schemes, and 

thus help guide the selection of relevant substances for MSFD Descriptor 8 implementa-

tion. Likewise, provisions of t he RSCs are in place to identify substances of concern also 

in non -EU waters.  

 

 

 

 

 

 

 

                                                           

7 OSPAR Convention for the protection of the marine environment of the North -East At-

lantic. http://www.ospar.org/  
8 Baltic marine environment protection commission. http://www.helcom.fi/  
9 Barcelona Convention for the protection of the marine environment and the coastal re-

gion of the Mediterranea n. http://www.unepmap.org/index.php?module=con-

tent2&catid=001001004  
10  Convention on the Protection of the Black Sea against Pollution. http://www.blacksea -

commission.org/  
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2  MATERIAL AND METHODS  

This report is largely  based on  the information provided recently by T ornero and Hanke 

( in press ), which  performed an extensive review of the available literature regarding chem-

ical substances entering the sea from sea -based human activities.  This report includes 

additional, complementary information in order to have  a more complete picture  of poten-

tial sea -sourced pollutants.  
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3  CHEMICAL CONTAMINANTS RELEASED FROM SEA - BASED 

SOURCES   

This section  compiles information  on the basis of the sea -based human activities poten-

tially resulting in the release of contaminants into the marine environment . According to 

Tornero and Hanke ( in press ), the highest number of discharged sub stances derive from 

the offshore oil and gas industry , followed by shipping, mariculture, dredging and  dumping  

activities , offshore  renewable energy devices, shipwr ecks and seabed mining  (fig . 2) . 

 

Fig . 2 . Number of substances identified as potentially entering the marine environment from  different  sea-based 
source s ( from  Torne ro and Hanke, in press ) . 

3.1  OFFSHORE OIL AND GAS EXPLORATION AND PRODUCTION  

Offshore installations are the means by which the oil and gas industry is able to explore, 

extract and transport oil and gas reserves from the geologic layers situated under the 

seabed. In E uropean waters there are over 1 000 offshore oil and gas installations, the 

majority of which are concentrated in the North Sea (UK, Norway, Netherlands), while 

others are located in the Adriatic Sea, around the Iberian Peninsula and the Black Sea. 

Most of these offshore installations operate in shallow waters of less than 300 met ers in 

depth. Furthermore, intensive prospection activities are planned in the Maltese and Cypriot 

sectors. Exploration also takes also place in the close vicinity of the EU, off the coasts of 

Algeria, Croatia, Egypt, Israel, Libya, Tunisia, Turkey and Ukr aine (EMSA, 2013b).  

Offshore operations can be divided into two main activities: exploration (all of the work 

required to site and drill a well) and production (ARPEL, 1999). Rock cuttings from drilling 

(drill cuttings) and formation water brought up with  the hydrocarbons (produced water) 

are considered as the major sources of contaminants entering the sea from regular oper-

ations (Bakke et al., 2013). Additionally, offshore activities also entail the risk of dis-

charges of oil and chemicals due to accidenta l spills. Pollution from normal operation s and 

from accidents should be clearly distinguished and consequently are regulated by different 

instruments. Operation discharges are regulated by international conventions (such as 

OSPAR, HELCOM and the Barcelona Convention), while accidental risks are regulated by 
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national legislation or the European Safety of Offshore Oil and Gas Operations Directive 11  

(Christou and Konstantinidou, 2012).  

The use and discharge of hazardous substances in the offshore oil and gas in dustry have 

been identified as a cause for great concern. However, there is limited monitoring of quan-

tities and consequent inputs to marine ecosystems. Within the OSPAR Maritime area, 752 

offshore installations were discharging to the marine environment i n 2012. The total quan-

tity of chemicals discharged on that year was 222 414 tonnes, out of which almost 86% 

(wt.) were on the PLONOR 12  list (considered to have limited environmental impact) and 

another 13 % (wt.) were chemicals not containing candidates for  substitution. Less than 

1% (wt.) of the discharged substances were Priority Action chemicals 13  (expected to cause 

adverse impact in the marine environment) or substances which are candidates for sub-

stitution (OSPAR, 2014a).  

Tornero and Hanke ( in press ) ide ntified 107 substances potentially released from the off-

shore oil and  gas exploration and production . However, a  better understanding  of  the 

chemicals used in both drilling and production processes  and  the ir  potential  impact s on 

the environment  is still required, especially taking into account  that the oil and gas indus-

try is shifting to deeper regions of the ocean, where even less data are  available  and where 

appropriate  monitoring and management can be more problematical  (Roose et al., 2011 ; 

Science for Environment Policy, 2012).  

3.1.1  Operational discharges : d rilling waste  and produced waters  

The major components of drill muds are a base fluid (water , oil, or another organic fluid ) 

and a weighting material, commonly  barite (barium sul fate). Various additives (viscosifi-

ers, biocides, corrosion inhibitors, shale inhibitors, emulsifiers, lubricants, wetting agents, 

surfactants, detergents, salts and organic polymers )  are also u tilized  to improve  the tech-

nical performance of the mud . The to tal number of ingredients in most drilling fluids is 

about  8ï12 (Holdway, 2002) , although there are  more than 1000 products available for 

formulating drilling fluids . Several metals  and metalloids are also present in most water -

based drilling muds. Th ose of greatest concern, because of their potential toxicity and/or 

abundance in drilling fluids, include arsenic, barium, chromium, cadmium, copper, iron, 

lead, mercury, nickel, and zinc (ARPEL, 1999; Neff, 2005).  

Operational discharges nowadays practically only occur from drilling using water -based 

drilling muds, since the releases of oil -based and synthetic muds were gradually phased 

out from mid -1990s for environmental reasons (Neff, 2005; Bakke et al., 2013). As an 

example, in the OSPAR region, the amount  of oil and other organic -phase fluids discharged 

via cuttings were  significantly reduced from 342 tonnes to 5 tonnes over the 2003 to 2012 

period (OSPAR, 2014a).  

Drill c uttings produced during drilling with water -based drilling muds may contain small 

am ounts of petroleum hydrocarbons and radionuclides  such as  226 Ra, 228 Ra, and 210 Pb 

(Neff, 2005 ; Breuer et al., 2004).  

The accumulations of d rill cutting s (cuttings piles) represent an additional  potential an-

thropogenic source of pollutants . Extensive dischar ges of oil -based cuttings  were com-

monplace  in the past and led to the formation of large waste deposits of polluted drilling 

                                                           

11  Directive 2013/30/EU of the European parliament and of the council of 12 June 2013 on 

safety of offshore oil and gas operations and amending Directive 2004/35/EC. http://eur -

lex.europa.eu/legal -content/EN/ALL/?uri=CELEX:32013L0030  
12  OSPAR Agreement 2013 -06. OSPAR List of Substances Used and Discharged Offshore 

which Are Considered to Pos e Little or No Risk to the Environment (PLONOR). 

http://www.ospar.org/convention/agreements  
13  OSPAR List of Chemicals for Priority Action (Revised 2013). (Reference number 2004 -

12)  
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cuttings beneath and around the oil and gas platforms . Although the discharges are cur-

rently regulated and no longer have oil , the re is a risk of leakage of contaminants from 

old cuttings piles (e.g.  hydrocarbons and heavy metals )  resulting from physical disturb-

ance during  platform activities, storms, or trawling  as well as of generation of potentially  

toxic compounds (e.g. complex esters and organic acids )  resulting from biodegradation 

and other diagenetic processes over the years (Breuer et al., 2004 ;  Bakke et al., 2013 ).  

Produced water is considered  a major source of marine pollution due to the sheer volume 

discharged  in the offshore production activities  (Meier et al., 2010; Brooks et al., 2011). 

Concerns over its ocean dis posal have led the Norwegian government to enforce a strict 

ñzero environmental harmful dischargeò policy for all oil exploration activities in the Nor-

wegi an Arctic areas. Similarly, the OSPAR Recommendation 2001/1 (amended by the 

OSPAR Recommendation 2011/8) 14  aims at preventing and eliminating pollution by oil and 

other substances caused by discharges  of produced water into the sea.   

The composition of prod uced waters vary considerably  from well to well and over time in 

individual wells (Roose et al., 2011).  This  wide variation makes it difficult to establish  

routine monitoring , so  area  specific studies might be necessary  to understand the potential 

risks  to the environment caused by the discharge  of produced waters  (Neff et al., 2011). 

The OSPAR Agreement 2014 -05ef 15  provides a list of the naturally occurring substances 

usually being analyzed to characterize produced water samples along with their estab-

lished PNECs. Compounds include PAHs and other dissolved hydrocarbons , alkylphenols, 

metals , organic acids , and radioactive isotopes. In addition, treatment chemicals such as 

scale and corrosion inhibitors, biocides, antifoams, and flocculants are also common  con-

stituents in produced waters (ARPEL, 1999; Meier et al., 2010; Neff et al., 2011).  

The table 1 compiles the main chemical substances present in drilling muds and produced 

waters from the offshore gas and oil industry . Nonetheless, the specific chemica ls and 

quantities are not generally publically available and only the legally obligatory health and 

safety data are usually indicated on material safety data sheets (McCormack et al., 2001). 

Therefore, t here is still need for a better understanding of the constituents, environmental 

fate and potential effects of oilfield products (Neff et al., 2011; Bakke et al., 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           

14  OSPAR Recommendation 2011/8 amending OSPAR Recommendation 2001/1 for the 

management of produced water from offshore installations. http://www.ospar.org/con-

vention/agreements  
15  Background Document. Establishment of a list of Predicted No Effect Concentrations 

(PNECs) for naturally occurring substances in produced water (OSPAR Agreement 2014 -

05). http://www.ospar.org/convention/agreements  
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Table 1 . Main chemical constituents of drill muds and produced waters f rom the offshore gas and oil industry.   

Drilling muds  Produced waters  

Weighting  
materials  

Barite  
Calcite  
Ilmenite  
Hematite  

PAHs  

Acenaphtene  
Acenaphtylene  
Anthracene  
Benz(a) anthracene  
Benzo(g,h,i) perylene  
Benzo(a) pyrene  

Benzo(b) fluoranthene  
Benzo(k) fluoranthene  
Chrysene  
Dibenzo(a,h)anthracene  
Dibenzothiophene  
Fluoranthene  
Fluorene  
Indeno(1,2,3, -cd)pyrene  
Naphthalene  
Phenanthrene  
Pyrene  

Viscosifiers  
Bentonite  
Carboxymethyl cellulose  
Hydroxyethyl cellulose  

BTEX  

Benzene  
Toluene  
Ethylbenzene  
Xylene  

Biocides  Glutaraldehyde  
Phenols/  

alkylphenols  

Dimethylphenols  
Methylphenols  
Nonylphenol  
Octylphenol  
Phenol  

Shale inhibi-
tors  

Glycol  
Lime  
Potassium chloride  
Sodium hydroxide  

Organic acids  

Acetic acid  
Benzoic acid  
Butyric acid  

Formic acid  
Hexanoic acid  
Isobutyric acid  
Isovaleric acid  
Malonic acid  
Naphthenic acid  
Oxalic acid  
Propionic acid   
Valeric acid  

Thinners and 
dispersants  

Lignites  
Lignosulfonates  
Tannins  

Biocides  
 

(e.g.  Kathon and 
MB554)  

Salts  
Sulfonated salts of asphalt or 
gilsonite  

Corrosion inhibitors  

Amines  
Amides  
Imidazolines  
Quaternary Ammonium 
compounds  

Lubricants  
Diesel fuel  
Glycerin  
Graphite  

Process scale inhibitors  
 

(e.g. SP250 and SP 
2945)  

Emulsifiers  
Alkylphenol polyethoxylate  
Alkylacrylate sulfonate deriva-
tives Polyethylene oxide  

Well treatment scale in-
hibitors  

 
(e.g. S432)  

Corrosion  
inhibitors  

Amines  
Ammonium bisulfite  
Phosphate  

Antifoams  
 

(e.g. polydimethylsilox-
ane)  

Inorganic sul-
fide scaven-

gers  

Basic zinc carbonate  
Triiron tetraoxide  
Zinc oxide  

Flocculants  
 

(e.g. ML 2317 W )  

Defoamers  
Aluminum stearate  
Tributyl phosphate  

Gas treatment  
chemicals  

Glycol  
Methanol  

Metals/  
metalloids  

Arsenic  
Barium  
Cadmium  
Copper  
Chromium  
Iron  
Lead  
Mercury  

Metals/  
metalloids  

Arsenic  
Barium  
Cadmium  
Chromium  
Copper  
Iron  
Lead  
Manganese  
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Nickel  
Zinc  

Mercury  
Molybdenum  
Nickel  
Vanadium  
Zinc  

Radioisotopes  
226Ra  
228Ra  
210Pb  

Radioisotopes  

40K  
224Ra  
226Ra  

228Ra  
210Pb  
210Po  
222Rn  
228Th  
235U  
238U  

3.1.2  Accidental spills  

In the past three decades, at least 11 major offshore disasters have occurred around the 

world, and several lesser incidents could have escalated into such 16 . Disasters such as the 

Deepwater Horizon spill in the Gulf of Mexico in 2010 represent perhaps the greatest threat 

to marine and coastal environments from offshore activities. This kind of events prompted 

the restart of discussions on risk management in o ffshore oil and gas operations. Under 

the Safety of Offshore Oil and Gas Operations Directive, the EU has put in place a set of 

rules to help prevent accidents, as well as respond promptly and efficiency should one 

occur. Accidental o il spills from offshor e installations can differ significantly  from ship -

sourced oil spills, mainly  due to the potentially higher  amount  and prolonged discharge  of 

fresh oil (EMSA, 2013b).  

The use of chemical d ispersant s to combat oil spill s at sea  can be regarded  as another  

source of pollutant s in to the marine environment. This has been  a topic of particular in-

terest in recent years, especially  after  the explosion of the Deepwater Horizon oil platform , 

where roughly two million gallons of dispersants were used at the waterôs surface and a 

mile below the surface  as a  method to disperse the spilled crude  oil . Although  chemical 

dispersants can  accelerate dilution  and bio degradation of the oil and so reduce  the poten-

tial environmental and economic impact s, their application  can a lso lead to increased 

short - term toxicity to aquatic  organisms  and risk of exposure to coastal populations and 

emergency responders  (Graham et al., 2016 ;  Major et al., 2016).   

Within the EU, t he European Maritime Safety Agency (EMSA) 17  publishes  since 2005  an 

ñInventory of national policies regarding the use of oil spill dispersants in the EU Member 

Statesò, which is updated at  regular intervals  (EMSA, 201 4).  Policies vary greatly across 

the  EU. In most Member States, the use of dispersants is secondary to mechanical con-

tainment and recovery , and in many countries, particularly in the Baltic region, it  is either 

not permitted or highly restricted. In other  states, where the use  of dispersants  is in prac-

tice allowed, they have not been used for more than one decade (Chapman  et al., 2007 ).  

Dispersants consist of a formulation containing a mixture of substances  including, but not 

limited to, surfactants (anionic/nonionic) and  solvents  that helps break oil into small drop-

lets  which dilute  throughout a very large  volume of water , facilitating the natural biodeg-

radation process ( EMSA, 2010, 2016 ; Graham et al., 2016; Major et al., 2016 ). The table 

2 shows the t ypical surfactants  and solvents present  in todayôs formulations.  

 

  

                                                           

16  Commission staff working paper executiv e summary of the impact assessment accom-

panying the document proposal for a regulation of the European parliament and of the 

council on safety of offshore oil and gas exploration and production activities, 2011  
17  European  Maritime Safety Agency (EMSA).  htt p://www.emsa.europa.eu/  
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Table 2 . Typical  surfactants and solvents  in chemical oil dispersants.  

Surfactants  Solvents  

Fatty acid  
esters or s orbi-
tan esters  

Sorbitan, mono -(9Z) -9-octadecenoate  
 

Light petro-
leum distil-
lates  

Hydrotreated light (SP 250)  

Ethoxylated 
fatty acid esters  
(PEG esters) or 
ethoxylated sor-
bitan esters  

Fatty acids, fish -oil, ethoxylated  
Sorbitan, mono -  
(9Z) -9-octadecenoate, poly(oxy -1,2 -
ethanediyl) derivatives  
Sorbitan, tri - (9Z) -9-octadecenoate, 
poly(oxy -1,2 -ethanediyl) derivatives  

Glycol 
ethers  

2-Butoxyethanol  
Di-propylene glycol butyl 
ether                                 
Di-propylene glycol monome-
thyl ether  
Ethylene glycol  
Propylene glycol  

Sodium di - iso -
octyl  
sulphosuccinate 
(DOSS)  

   

 

Besides major offshore accidents,  the occurrence  of frequent minor  spills is not to be ne-

glected . 1205 tonnes of chemicals were accidentally spilled in 2012  in the OSPAR area, 

the majority of which were on the PLONOR list (84%) or were chemicals not containing 

candidates for substitution (12%) (OSPAR, 2014a).  

3.1.3  Atmospheri c emissions  

Atmospheric inputs from offshore oil and gas activity, mainly due to flaring, may also be 

substantial. Inputs are mainly nitrogen oxides (NOx), sulfur oxides (SOX), carbon oxide  
and VOCs (Roose et al., 2011). Although this issue deserves further in -depth research, 

the analysis of contaminants entering the sea through atmospheric transport is beyond 

the scope of this re port .  

3.1.1  Decommissioning of offshore  installations   

The decommissioning of offshore oil or gas fields  is a com plex process which can consist 

in complete removal and re -processing of the materials, partial removal of the surface 

structure, or toppling or dismantling the structure and placement of the materials on the 

seabed (Techera and Chandler, 201 5). This issue is particularly pressing in some parts of 

the world like the OSPAR area, where thousands of installations are reaching the end of 

their operational life  (OSPAR, 2010a).  

There is a subtle  line between decommissioning and dumping. The controv ersy over the 

disposal of redundant oil and gas installations in European waters was re -opened in 1995 

when the UK government authorized the sinking of the entire Brent Spar oil platform at a 

deep water site in the North Atlantic Ocean 18 . Nowadays, there are many different regu-

latory frameworks around the world relevant for decommissioning operations (e.g. UN-

CLOS19 , London Dumping Convention, IMO, OPGGSA 20), but there is no clear consensus 

on what best practices should be (Testa, 201 4; Tech era and Chandler, 2015). In European 

waters, the OSPAR Decision 98/3 21  establishes the general rule that ñdumping, and the 

leaving wholly or partly in place, of disused offshore installations within the maritime area 

                                                           

18  Communication from the Commission to the Council and the European Parliament on 

Removal and Disposal of Disused Offshore Oil and Gas Installations, 1998  
19   United Nations Convention on the Law of the Sea (UNCLOS). 

http://www.un.or g/depts/los/convention_agreements/texts/unclos/UNCLOS -TOC.htm  
20 Commonwealth Offshore Petroleum and Greenhouse Gas Storage Act 2006. 

https://www.comlaw.gov.au/Series/C2006A00014  
21  OSPAR Decision 98/3 on the Disposal of Disused Offshore Installations. 

http:/ /www.ospar.org/convention/agreements?q=98%2F3&t=32282&a=&s=  
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is prohibitedò. Only some heavy steel installations or gravity based concrete structures, 

and subject to an assessment, may be allowed to be left in place (OSPAR, 2010a). Simi-

larly, the Baltic Convention obliges the contracting parties to ensure that all abandoned 

offshore units are essentially removed and brought ashore under the responsibility of the 

owner. Anything left behind (i.e., partial removal) would be considered dumping (Hamzah, 

2003).  

Any  removal choice  can  result in the remobilization of contaminants from re -suspended  

sediments or from  the cuttings piles accumulated on the seabed (Schroeder and Love, 

2004; OGP, 2012). Likewise, any structure  left over might eventually deteriorate  and re-

lease into the surrounding environment contamina nts such as PCBôs, residual oil and heavy 

metals (L akhal et al., 2009; Adedayo, 2011).  

3.2  SHIPPING  

As shipping lanes become more and more congested, the risk  of  pollution caused by ship-

ping inc reases  (Tournadre, 2014).  In 1973, the Internati onal Maritime Organization 

(IMO) 22  adopted the International Convention for the Prevention of Pollution from Ships 

(known as the MARPOL Convention 1973 ï78) 23 . The MARPOL Convention is the main in-

ternational convention covering prevention of pollution of the marine environment by ships 

from operational or accidental causes  as well as pollution by chemicals, goods in packaged 

form, sewage, garbage and air pollution.  Even though  regulations are strict, the discharges 

of polluting substances into the sea still happen , often illegally (EMSA, 2012 ).  

Tornero and Hanke ( in press ) identified 89 chemical substances potentially released into 

the sea from shipping activities , including  accidental spills , operational discharges and 
release of antifo uling chemicals from boats . 

3.2.1  Accidental spill s of oil and other chemicals  

The number of maritime incidents causing significant oil spills  seems to have decreased  in 

recent years , but  major accidental oil tanker spills still happen  in European waters. More-

over, as oil production and consumption are increasing,  as are net imports of oil to the 

EU, the risk of oil spills also increases (EEA, 2008). MARPOL regulates the construction, 

design and operation of vessels with the goal of reducing the amount of oil released to the 

sea.  

Crude oil is composed of thousands of chemicals and  there are thousands of different kinds 

of crude and refined oils (Coppock and Dziwenka, 2014). Of the hydrocarbon compounds 

common in petroleum, the polycyclic aromatic hydrocarbons (PAHs) appear to pose the 

greatest toxicity to the enviro nment  and normally provide insight into the general distri-

bution of petroleum hydrocarbons in the environment associated with a spill.  Other oil -

related compounds  include Volatile Organic Compounds (VOCs) (e.g.  hexane, heptane, 

octane, nonane, benzene - tolu ene-ethylbenzene -xylene isomers, BTEX) , acids, esters, ke-

tones, phenols and metals (e.g. iron, nickel, copper, chromium , and vanadium )  (Bennet t  

and Larter, 2000 ; NRC, 2003 ; Neuparth et al., 2012 ;  Sammarco et al., 2013).   

Furthermore, a s said  above, chemical dispersants can be used as a response option to oil 

spill s and hence they can also be listed as substances  potentially released into the marine 

environment  from shipping activities .  

                                                           

22  International Maritime Organization (IMO). http://www.imo.org/  
23  International Convention for the Prevention of Pollution from Ships (MARPOL). 

http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International -Con-

vention - for - the -Prevention -of -Pollution - from -Ships - (MARPOL).aspx  
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Shipping is  also  the main  way  of transport of Hazardous a nd Noxious Substance s (HNS) , 

which are defined as substance s other than oil, which if introduced into the marine envi-

ronment are  likely to create hazards to human health, to harm living resources and other 

marine life, to damage amenities and/or to interfere with other legitimate uses of the sea 

(IMO, 2000).  Approximately 2 000 different chemicals used by man are estimated to be 

reg ularly transported by sea, eith er in bulk or in packaged form (Purnell, 2009). However, 

information on transportation volumes is limited and decentralized, and the exact  quanti-

ties of different substances  transported and spilled are usually  not available ( Posti and 

Häkkinen, 2012; EMSA, 2013a ). The most important conventions governing the transpor-

tation of HNS are the International Convention for the Safety of Life at Sea (SOLAS) 24  and 

MARPOL. The MARPOL Annex II contains the ñRegulations for the Control of Pollution by 

Noxious Liquid Substances in Bulkò and includes some 250 substances  graded into four 

categories according to the hazard they present to marine resources, human health or 

amenities. Regulations concerning chemicals transported in packaged form are MARPOL 

Annex III.  

In European waters, i ncidents resulting in HNS release occur frequently  (EMSA 2007, 

2008, 2009, 2010). During  1978 -2013, t he most released substances were  styrene, sul-

phuric acid, benzene, and phosphoric acid , the majority carried by single cargoes in bulk 

form (EMSA, 2013a).  According to the HASREP project (Response to Harmful Substances 

spilled at sea)  and the  Chembaltic project (Risks of Maritime Transportation of Chemicals 

in Baltic Sea) , the bulk HNS most transported in and along European waters  are  palm and 

other vegetable oils, methanol, benzene and its mixtures, sodium hydroxide solution, xy-

lenes, styrene, methyl tert -butyl ether (MTBE) , molasses , ammonia , ethanol, phenol, 

phosphoric acid, sulphuric acid , acetic acid, and animal fat  (HASREP, 2005 ;  Posti and Häk-

kinen, 2012 ).   

The prioritization of th e HNS posing the highest risk to the marine environment , based on 

the ir  volumes transported, the ir  reported incidents, the ir  physico -chemical properties and 

the ir  toxicity to marine biota , would be necessary  when developing  emergency response  

plan s in the event of a chemical spill  (Neuparth et al., 2012).  The table 3 presents the 

HNS prioritized in European waters according to the  ARCOPOL 25  platform  and the 

RAMOCS26  project  (Neuparth et al., 2011 ; Radovic et al., 2012) .  

 

 

 

 

 

 

 

 

 

 

  

                                                           

24 International Convention for t he Safety of Life at Sea (SOLAS). 

http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International -Con-

vention - for - the -Safety -of -Life -at -Sea- (SOLAS), -1974.aspx  
25  ARCOPOL (Atlantic Region -Coastal Pollution Response).  http://www.arcopol.eu/  
26  RAMOCS (Implementation of risk assessment methodologies for oil and chemical spills 

in the European marine environment). http://www.idaea.csic.es/ramocs/  
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Table 3 . Ship -source d hazardous and noxious substances (HNS) posing the highest risk to European marine 
waters according to the ARCOPOL and RAMOCS projects.  

ARCOPOL project  RAMOCS project  

Benzene  Sulfuric acid  

Styrene  Phosphoric acid  

Xylenes  Styrene monomer  

Cyclohexane  Phenol  

Toluene  Sodium hydroxide  

Nonene (All Isomers)  Ammonia  

Aniline  Methanol  

Acrylonitrile  Xylene  

Nitrobenzene  Aniline  

Isononanol  Benzene  

Alkyl (C5 ïC8, C9) Benzenes  Palm oil  

Nonylphenol Poly(4 ï12) Ethoxylates  Propylene oxide  

Octane (all Isomers)  Nitrobenzene  

1-Nonanol (Nonyl Alcohol)  Toluene  

Butyl Acrylate (All Isomers)  Cyclopentadiene  

Di (2 -Ethylhexyl) Adipate  Acetic acid  

Trichloroethylene  1-Nonanol  

Hexane (All Isomers)  Acrylonitrile  

Heptane (All Isomers)  Animal oil  

1-Dodecanol  Methyl tert -butyl ether 
(MTBE)  

Cresols (All Isomers)   

Decanoic acid   
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Marine toxicological data are scarce for most priority HNS (Neuparth e al., 2013). The 

Marine Intervention in Chemical Emergencies Network (MAR - ICE) 27  and the Marine Chem-

ical Information Sheets (MAR -CIS) 28  are the EMSA information tools for HNS pollution re-

sponse. Both products aim at providing specific information on diverse substances selected 

on the basis of their maritime transport and involvement in  past incidents within European 

waters and their risks to the marine environment and hazards to human health. 

Datasheets of approximately 200 substances are expected to be soon available for distri-

bution to Member States.  

3.2.2  Operational discharges  

Operationa l discharges include releases of bilge water from machinery spaces and ballast 

water of fuel oil tanks.  At the global IMO level, several measures have been taken to 

reduce deliberate and "routine"  spills. For example, the so -called Crude Oil Washin g 

(COW) 29  has been made mandatory for new vessels under MARPOL. Although environ-

mental regulations for these operations are quite strict, especially in MARPOL special ar-

eas, compliance rates are low in some areas of the world (Kachel, 2008). Operational 

discharges are still quite frequent and represent one of the largest anthropogenic inputs 

of oil and oily wastes into the marine environment, thus becoming a major issue to be 

addressed (NRC, 2003; EMSA, 2008; Hassler, 2011). Detergents and cleaners, lubricants, 

chem icals from refrigerating equipment and fire -extinguishers are also frequently d is-

charge d. However, information on pollutants  associated with s hip ping  operational dis-

charges  is scarce  (Honkanen et al., 2013; McLaughlin et al., 2014).  

The United States Envir onmental Protection Agency (EPA) 30  analyzed  various  operational 

discharge types from various vessel classes  and provided a list with the detected pollutants 

which might represent a risk to the marine environment  (USEPA,  2010) .  The table 4 pre-

sents the  substances found in this study.  

 

Table 4 . Pollutants f requently detected  in operational discharges from different vessels . 

Metals and metal-
loids  

Arsenic  
Aluminum  
Cadmium  
Copper  
Iron  
Lead  
Manganese  
Zinc  

Semivolatile organic 
compound s (SVOCs)  

Bis(2 -ethylhexyl) phthalate  

VOCs  Benzene  

Surfactant s 
Long -  or short -chain nonylphenol 
and octylphenol ethoxylates  

Nutrients  
Phosphorus and nitrogen 
compounds  

Pathogens   

3.2.3  Release  of biocides  from antifouling paints  

The accumulation of biofouling can reduce the performance of vessels  and increase fuel 

consumption.  Traditionally, biocides have been used in antifouling paints to prevent the 

                                                           

27  http://emsa.europa.eu/hns/mar - ice-network/item/1613.html  
28 http://www.emsa.europa.eu/about/faq/300 -hazardous -noxious -substances -hns -opera-

tional -support/2166 -what - is-mar -cis.html  
29  http://www.imo.org/en/OurWork/Environm ent/PollutionPrevention/OilPollu tion/  

Pages/Crude -Oil -Washing.aspx  
30  United States Environmental Protection Agency (EPA). http://www.epa.gov/  
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growth of potential fouling organisms such as bacteria, fungi, algae, mussels, barnacles 

and other invertebrates. However,  the use of biocides in the marine environment has 

proved to be harmful to  non - target organisms.  For many years the organotin tributyltin 

(TBT), which has an endocrine disrupting effect , was the  most widely used active compo-

nent in antifouling paints was ( Dafforn et al., 2011). The EU Regulation (EC) No. 

782/2003 31  banned the application of TBT -paints on all EU - flagged vessels from 2003 and 

the global prohibition on all vessels was ratified under the IMO Convention on the Control 

of Harmful Anti - fouling Substances in 2008.  

The main alternatives to TBT have been biocides such as copper(I) salts  (e.g. copper oxide  

and copper thiocyanate) . The use of Cu -based antifouling coatings is currently allowed in 

all countries . In  many developed countries, biocidal active  ingredients and products must 

pass a rigorous  review befo re they can be sold and used  (Blossom, 2014). A restriction 

put in place by Sweden in the Baltic Sea, classified as a Particularly Sensitive Sea Area by 

the IMO, was recently lifted based on an improved understanding of the effects of copper  

(Swedish Chemi cals Agency, 2011).  

Cu-based paints have now been supplemented by óbooster biocidesô, to improve  its per-

formance against certain more resistant algal fouling (Cima and Ballarin, 2012). The list 

of potential booster biocides is substantial, although  not all  compounds are marketed 

(Price and Readman, 2013). Moreover,  detailed  up - to -date  data on the quantities and 

types of biocides used around the world or even at national level  is limited (ACE, 2002; 

Readman, 2006).  Typical tin - free booster biocide in recent years include  non -metallic or-

ganic compounds ( e.g. irgarol  and  diuron) and organometallic compounds ( e.g. copper 

pyrithione  and  zinc pyrithione) (Dafforn et al., 2011; Diniz et al., 2014). The t able 5 shows 

the mo st commonly biocides used in antifouling paints along  with specific information  on 

their concentrations in the marine environment compartments, bioaccumulation potential, 

ecotoxicity data, and available quality standards or thresholds for their assessment.  

The European Union is establishing a regulatory framework for the placing of biocidal 

products on the market, with a view to ensuring a high level of protection for humans, 

animals and the environment. The new EU -Biocide -Regulation (BPD, No 528/2012 32  and 

amendment No 334/2014 33) repeals the Directive 98/8/EC 34  and  states that  all biocidal 

products require an authorization before they can be pl aced on the market, and the active 

substances contained in that biocidal product must be previously approved. Hence , a list 

of active substances agreed for inclusion in biocidal products are listed in Annex es I and 

IA and classified under 22 different biocidal product types, including antifouling agents 

(product type 21). For some existing active substances, such as diur on and ziram, a deci-

sion of non - inclusion into Annexes I or IA has been adopted. Thus, these substances and 

the biocidal products containing these active substances shall be removed from the market 

within 12 months of the entering into force of such decisi on. However, active substances 

                                                           

31  Regulation (EC) No 782/2003 of the European parliament and of the council of 14 April 

2003 on the prohibition of organotin compounds on ships. http://eur - lex.europa.eu/Lex-

UriServ/L exUriServ.do?uri=OJ:L:2003:115:0001:0011:EN:PDF  
32  Regulation (EU) No 528/2012 of the European parliament and of the council of 22 May 

2012 concerning the making available on the market and use of biocidal products. 

http://eur - lex.europa.eu/legal -content/EN /TXT/PDF/?uri=CELEX:32012R0528&from=EN  
33  Regulation (EU) No 334/2014 of the European parliament and of the council of 11 March 

2014 amending Regulation (EU) No 528/2012 concerning the making available on the 

market and use of biocidal products, with regard  to certain condi tions for access to the 

market. http://eur - lex.europa.eu/legal -con-

tent/EN/TXT/PDF/?uri=CELEX:32014R0334&from=EN  
34  Directive 98/8/EC of the European parliament and of the council of 16 February 1998 

concerning the placing of biocidal produc ts on the market. http://eur - lex.europa.eu/legal -

content/EN/TXT/PDF/?uri=CELEX:31998L0008&from=EN  
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under the review programme, such as dichlofluanid and irgarol , can be placed on the 

market while awaiting the final decision on the approval. New active substances, such as 

tralopyril that are still under assessment are also allowed on the market. The European 

Chemicals Agency (ECHA) 35  will in particular be responsible for the assessment of appli-

cations for the Union authorization of biocidal products. Before the BPD only a handful of 

European countries regulated the use of ant ifouling products so the implementation of the 

BPD in all member states has changed the market drastically.  

3.2.1  Air pollution  

Exhaust emissions from vesselsô engines are a significant and increasing source of air 

pollution, principally in the form of NOx, particulate matter, SOx, and and carbon oxide. 

Once in the air, these substances may also reach the marine environment, contributing to 

acidification of water, eutrophication and global warming. Some VOCs (mainly methane, 

propane, and butane) may also be r eleased from tankers underway or during loading and 

offloading activities, contributing to the total inputs of hydrocarbons to the sea (OSPAR, 

2009a). Recently adopted strict IMO emission control standards are expected to help pro-

gressively reduce these em issions. However, as said above for offshore - related pollution, 

the analysis of atmospheric contaminants is beyond the scope of this report.  

  

                                                           

35  European Chemicals Agency (ECHA). http://echa.europa.eu/  
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Table 5 . Overview of the  most common biocides used in ship antifouling paints  (as published in Tornero and Hanke, in press , supplementary material ) .  

Substance  Concentrations in the  
m arine  environment  

Bioaccumulation  
Bioconcentration  

 

Toxicity in the  
marine environment  

PNEC  for the 
marine  

environment  

Quality  
benchmarks  

Remarks  

Capsaicin  
8-methyl -N-
vanillyl -6-
nonenamide  

MEC : Not available.  
PEC:   
Marina:  0.0935 -0.768 ȉg/L 
(Oliveira et al., 2014); 0.0249 

ȉg/L (Wang et al., 2014b).   
Commercial harbor:  0.00663 
ȉg/L (Wang et al., 2014a); 
0.00399 ȉg/L (Wang et al., 
2014b).   
Sediment: 0.000208 mg/Kg 
(Wang et al., 2014a).  

Log Kow = 3.04.  
BCF <1000 from 
219 aquatic species 
(Wang et al., 

2014b).  
 
 
 
 
 

Invertebrates:  
48h EC50 = 3.868 µg/L 
(Mytilus galloprovin cialis ); 
5.248 µg/L ( Paracentrotus 

lividus).  
48h LC50 = 1.252 µg/L 
(Tisbe battagliai ).  
NOEC = 10 µg/L ( Mytilus 
galloprovincialis ); 1 µg/L 
(Paracentrotus lividus);  
600 µg/L ( Tisbe battagliai ) 
(Oliveira et al., 2014).  
 
 

Water:  0.0629 
ȉg/L (Oliveira et 
al., 2014); 
0.490 ȉg/L 

(Wang et al., 
2014a).  
Sediment:  
0.0138 mg/Kg 
(Wang et al., 
2014a).  

 Natural, processed vegetable 
matter that has been part of 
the human diet for many 
years. Become of interest as 

biocide over the last few 
years, although it has limited 
international use (with the 
exception of China).  
Not supported through any 
national or international reg-
istration for antifouling use.  
Very few data publicly availa-
ble on its environmental fate 
and effects, but initial assess-
ments suggest that it will bin d 
to the surface of sediments 
and suspended solids 
(Thomas and Brooks, 2010) 
and poses relatively low risk 
to the marine environment 
(Wang et al., 2014b).  

Chlorothalonil  
2,4,5,6 - tetra-
chloroisophtha-
lonitrile  

MEC:   
Water: from undetectable 
levels (LOD = 0.8 ng/L) to 
10.9 ng/L (Atlantic coast of 
France and UK) (ACE, 2002); 
360 -1380 ng/L (UK commer-
cial estuary) (Konstantinou 
and Albanis, 2004).  
Sediment:  16 -34.3 ng/g (UK 
commercial estuary) (Kon-
stantinou and Albanis, 2004); 
8-165 ȉg/Kg dwt (Greek ma-
rinas/harbors) (ACE, 2002).    
PEC:   
1.4 ȉg/L (Bellas, 2006).                              

Log Kow = 2.6 ï4.4 
(Van Wezel and 
Van Vlaardingen, 
2004).  

Algae:  
24h EC50 = 190 µg/L ( Py-
rocystis lunula ).  
96h EC50 = 13 µg/L 
(Skeletonema costatum ); 
4.4 µg/L ( Thalassiosira 
pseudonana ) (Bao et al., 
2011).       
Invertebrates:     
EC10 = 4.5 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 4.3µg/L ( Paracen-
trotus lividus , embryonic 
development).  
EC50 = 8.8 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 6.6 µg/L ( Paracen-
trotus lividus , larval 
growth) (Bellas, 2006).                                                                 

Water:  0.45 
ȉg/L (Mytilus 
edulis ); 0.043 
ȉg/L (Paracen-
trotus  lividus, 
embryo); 0.05 
ȉg/L (Paracen-
trotus  lividus , 
larval growth); 
1.2 ȉg/L (Ciona 
intestinalis , em-
bryo); 2.9 ȉg/L 
(Ciona intesti-
nalis  (larval set-
tlement) (Bel-
las, 2006); 0.69 
ȉg/L (Yamada, 
2006).  
 

530 ng/L (ERL 
water); 50.6 
ȉg/kg (ERL sed-
iment) (Van 
Wezel and Van 
Vlaardingen, 
2004).                     
0.36 ȉg/L (pro-
tection of ma-
rine life, Cana-
dian Council 
Ministers of the 
Environment) 
(Konstantinou 
and Albanis, 
2004).  

Commonly used in re cent 
years and afterwards subject 
to restrictions.  
Sporadically found in Euro-
pean coasts, mainly in the 
Mediterranean, but in isolated 
cases at high levels. The usu-
ally low concentrations 
(mostly below limit of detec-
tion) are probably due to the 
lack of p ersistence in the wa-
ter column (half - lives be-
tween 1.8 and 8 days) 
(Thomas and Langford, 
2009).  
Amongst the most toxic bio-
cides to aquatic organisms 
(Bellas, 2006; Voulvloulis, 
2006; Cui et al., 2014). It has 
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24h LC50 = 1 mg/L ( Arte-
mia salina ) (Koutsaftis 
and Aoyama, 2007).     
48h LC50 = 12 µg/L ( Hy-
droides elegans , larvae).  
96h  LC50 = 67µg/L ( Elas-
mopus rapax , juvenile); 
91 µg/L ( Tigriopus japoni-
cus , adult) (Bao et al., 
2011).   
96h EC50 = 0.005 mg/L 
(Crassostrea virginica ) 
(Van Wezel and Van Vlaar-
dingen, 2004).                                        
Fish:  
96h LC50 = 0.033 mg/L 

(Cyprinodon variegatus ) 
(Van Wezel and Van Vlaar-
dingen, 2004); 69 -76 
µg/L ( Oncorhynchus 
mykiss ); 73 µg/L ( Gas-
terosteus aculeatus ) 
(Yamada, 2006); 22.6 
µg/L (Pimephales prome-
las) (Mochida and Fujii, 
2009a); 110 µg/L ( Oryzias 
melastigma , larvae) (Bao 
et al., 2011).  

immunosuppressive potential 
which, although co unterbal-
anced by their short half - life, 
can lead to biocoenosis dis-
mantling through rapid bioac-
cumulation by filter - feeding 
non - target benthic organisms 
(Cima et al., 2008).  

Chromium triox-
ide  
Trioxochromium  

Typical Cr - total natural con-
centrations 0.1 -5 ȉg/L, and 
generally <1 ȉg/L (water); 0-
100 mg/kg (sediments).  
MEC  (Cr- total ):  
Water: 145 ȉg/L (Irish estu-
ary).  
Sediment:  30 ppm (Galician 
estuary, Spain).  
Biota:  0.71 -4.23 µg/g dwt 
(Mytilus edulis,  France); 
0.30 -3.38 µg/g dwt ( Mytilus 
galloprovincialis, France); 3 -
26 ppm ( Mytilus galloprovin-
ciallis, Galicia );  0.45 -2.34 
µg/g dwt ( Crassostrea gigas, 
France); 1 -508 ppm ( Scro-
bicularia plana, Galicia); 11 -

Log Kow not app li-
cable.  
BCF for Cr (VI) in 
fish is relatively low 
at around 1 L/kg. 
Once in the organ-
ism, reduction of Cr 
(VI) to Cr (III) ap-
pears to occur, re-
sulting in accumu-
lation of Cr - total to 
a factor of approxi-
mately 100 times 
the original con-
centration in water.  
Uptake of Cr by 
other organisms 
appears to be 

Invertebrates (Cr VI) :  
96h LC50 = 8 mg/L ( Cap-
itella capitata , larvae); 5 
mg/L ( Capitell a capitata , 
adults); >1.0 mg/L ( Ne-
anthes arenaceodenta , ju-
venile, adults).  
28d LC50 = 0.28 mg/L  
(Capitella capitata, 
adults); 0.70 mg/L ( Nean-
thes arenaceodenta , juve-
nile); 0.55 mg/L ( Nean-
thes arenaceodenta , 
adults).  
21d NOEC = 0.5 mg/L 
(Ophryotrocha diadem a, 
adult) (EC, 2005).     
Fish:  

Surface water:  
3.4 ȉg/L (Cr 
VI); 4.7 ȉg/L 
(Cr III).  
Sediment:  31 
mg/kg wwt (EC, 
2005).  

15 ȉg Cr- total/L 
(UK AA -EQS for 
the protection 
of saltwater 
life).  
10 ȉg Cr- total/L 
(German water 
quality criterion 
for aquatic com-
munities) (EC, 
2005).  

Substance of very high con-
cern (SVHC) according to 
Regulation (EC) No. 
1907/2006 (REACH). Very 
toxic t o aquatic life with long 
lasting effects.  
Usual source of Cr (VI) and 
excess of Cr (VI) in biological 
systems has been implicated 
in specific forms of cancer 
(EC, 2005).  
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100 ppm ( Cerastoderma 
edule, Galicia); 3 -409 ppm 
(Nereis diversicolor, Galicia) 
(EC, 2005).  

higher than for 
fish. In mussels, 
BCFs up to around 
9,100 L/kg dwt for 
Cr (VI) and 2,800 
L/kg dwt for Cr 
(III) (EC, 2005).  

96h LC50 = 1 -10 mg/L 
based on the most sensi-
tive species, Atlantic 
salmon (CEPA, 2011).          

Copper  Typical background concen-

trations 0.5 ï3 ȉg/L; up to 21 
ȉg/L in contaminated areas 
(Brooks and Waldock, 2009).                                              
MEC:  
Water: 0.7 -7.8 ȉg/L (UK ma-
rinas) (Boxall et al., 2000); 
0.62 -3.89 ȉg/L (Finnish ma-
rina) (Thomas and Brooks, 
2010); 10 ȉg/L (France); 
20.7 ȉg/L (Greece) (Dafforn 
et al., 2011).  
Sediment:  10 -161 mg/kg (UK 
commercial harbor); 4.8 -30 
mg/kg (UK estuarine moor-
ings); 9 -57 mg/kg (UK mari-
nas) (Brooks and Waldock, 
2009); 80.4 ȉg/g (Greece) 
(Dafforn et al., 2011); 16 -
3100 mg/Kg (aquaculture 
farms) (Simpson et al., 
2013); 98.73 mg/kg  (aqua-
culture farms) (Nikolaou et 
al., 2014).  
Biota:  2-5.6 ȉg/g dwt 
(Caulerpa taxifolia , France); 
7.9 -22 ȉg/g dwt (Posidonia 
oceanica , NW Mediterra-
nean); <8 -88 ȉg/g dwt 
(sponges, Portugal); 150 -
3110 ȉg/g dwt (Crassostrea 
angulata , Portugal); 3.7 -33 
ȉg/g dwt Paracentrotus livi-
dus (NE Mediterranean); 
<0.15 -4.4  ȉg/g dwt (deep 
sea fish, North Atlantic); 1.7 -
104 ȉg/g dwt (loggerhead 
turtle tissues, France); 1 -272 
ȉg/g dwt (stripped dolphin 

Log Kow not appli-

cable.  
BCF = 185 ( Ar-
gopecten irradi-
ans ); 4420 -7730 
(Mytilus edulis ); 
33400 -57000 
(Crassostrea gi-
gas); 27800 
(Crassostrea vir-
ginica ); 2491 - 
4915 ( Mytillus gal-
loprovincialis ) 
(USEPA, 2003).                      
However, Cu is an 
essential metal, 
which is actively 
regulated within 
animal cells, so bi-
oaccumulation is 
not directly related 
to the environmen-
tal concentration 
and BCFs a re con-
sidered unsuitable 
for describing Cu 
bioaccumulation 
(Thomas and 
Brooks, 2010).  

Algae:  

96h EC50 = 770 ȉg/L 
(Thalassiosira pseu-
donana ); 290 ȉg/L (Skel-
etonema costatum ).  
24h EC50 = 140 ȉg/L (Py-
rocystis lunula ) (Bao et 
al., 2011).  
21d NOEC = 11 -46 ȉg/L 
(Fucus vesiculosis , zoo-
spore).  
7d NOEC = 1.1 -18 ȉg/L 
(Ulva reticulata , adult) 
(Van Sprang et al., 2008).  
Invertebrates:   
L(E)C50 = 200 -1090 ȉg/L 
(Hediste diversicolor );  
3.8 -9.5  ȉg/L ( Mytilus 
spp. , embryo); 11.5 -560 
ȉg/L ( Crassostrea gigas , 
embryo, adult); 15.1 -18.7 
ȉg/L ( Crassostrea virgi-
nica , embryo); 153 -181 
ȉg/L ( Americamysis 
bahia ) (USEPA, 2003).                                                  
48 h LC50 = 120 ȉg/L 
(Hydroides elegans) ; 110 
ȉg/L ( Elasmopus rapax ) 
(Bao et al., 2008); 100  
ȉg/L ( Hydroides elegans , 
larvae) (Bao et al., 2011); 
>1000 ȉg/L ( Tigriopus ja-
ponicus ) (Bao et al., 
2013).  
48h NOEC = 6.6 ȉg/L ( Ar-
temia franciscana , cysts); 
6.2 ȉg/L ( Mytilus edulis , 
embryo); 5.9 -9.7 ȉg/L 
Mytilus galloprovincialis , 

Water:  5.6 ȉg/L 

(Brooks and 
Waldock, 
2009); 2.6 ȉg/L 
(SCHER, 2009).  
Marine 
sediment:  338 
mg/kg dwt.  
Estuarine 
sediment:  144 
mg/kg dwt 
(SCHER, 2009).  

3.76 ȉg/L (UK 

AA-EQS where 
DOC Ò 1 mg/L); 
3.76 ȉg/L + 
(2.677 x 
((DOC/2) -  
0.5)) (UK AA -
EQS where DOC 
> 1 mg/L 
(SEPA, 2014).  
1.0 ȉg/L 
(OSPAR ecotox-
icological as-
sessment crite-
r ion for ionic Cu 
in seawater) 
(Cima and Bal-
larin, 2012).                                   
65 mg/kg (Aus-
tralian lower 
SQGs to protect 
against acute 
effects) (Simp-
son et al., 
2013).                   

Most commonly used biocide 

in antifouling paints for a lo ng 
time (Yebra et al. 2004) and 
probably still today. In certain 
European countries, banned 
from use on recreational ves-
sels, although so far this is re-
stricted to inland freshwaters. 
Yet, many countries are be-
ginning to re -evaluate cur-
rent risk assessment s in ma-
rine coastal waters (Brooks 
and Waldock, 2009).  
Antifouling coatings on ship 
hulls are one main source of 
Cu to the marine environment 
and are estimated to account 
for 15,000 tons Cu/ year in-
put into the marine environ-
ment globally (Bao et al., 
200 8, 2013).   
Although Cu is an essential 
metal for many organisms, it 
becomes toxic at high con-
centrations; it is immunotoxic 
to molluscs and teleosts and 
alters fertilization and early 
life stages of bivalves and 
corals (Cima and Ballarin, 
2012).  
There ar e relatively few stud-
ies that specifically relate to 
the effect of Cu -based anti-
fouling paints on the marine 
environment and these point 
to evidence of elevated levels 
of Cu in the vicinity of ship-
yards and dry docks (Thomas 
and Brooks, 2010). It has 
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tissues, NE Atlantic); 1.3 -44 
ȉg/g dwt (sperm whale tis-
sues, North Sea) (Neff, 
2002); 26 mg/ kg dwt ( Spa-
rus aurata , Mediterranean 
farms); 28.50 mg/ kg dwt 
(Dicentrarchus labrax, Medi-
terranean farms) (Nikolaou et 
al., 2014).   
PEC:  
UK marinas:  0.9 -134 ȉg/L 
(Boxall et al., 2000).                         
Regional Worst -Case ambient 
for different European coun-
tries:  0.8 -2.7 ȉg/L (dis-
solved); 4.2 -55.3 mg/kg dwt 

(sediments) (SCHER, 2009).  

embryo); 8.8 -16.5 ȉg/L 
(Paracentrotus lividus , 
embryo) (Van Sprang et 
al., 2008).  
Fish:    
LC50 or EC50 = 418 ȉg/L 
(Cymatogaster aggregata , 
adult); 2.6 -8.08 ȉg/L 
(Morone saxatilis ) 
(USEPA, 2003).                                          
96h LC50 = 7300 ȉg/L 
(Oryzias melastigma , lar-
vae) (Bao et al., 2011).  
32d NOEC = 57.8 ȉg/L 
(Cyprinodon variegatus , 
embryo - larvae).  

12d NOEC= 55 -123 ȉg/L 
(Atherinops affinis , early 
blastula embryo) (Van 
Sprang et al., 2008).  

also been suggested low bio-
availability of Cu in antifoul-
ing paints (Simpson et al., 
2013).  
  

Copper pyrithi-
one (CuPT)  
Bis(1 -hydroxy -
1H-pyridine -2-
thionato -
O,S)copper  

So far, only detected in har-
bor sediments and not in wa-
ter (Mochida and Fujii, 
2009a).  
PEC:  
New Zealand harbors and 
marinas (based on average 
leaching rate):  0.0408 -0.469 
ȉg/L (maximum);       0.0272-
0.269 ȉg/L (average) (EPA, 
2012).  
Sediment:  suggested that the 
sediment compartment is not 
a concern for CuPT, as con-
centrations are extremely low 
( likely to be below the limit of 
determination for current an-
alytical measurement) (ACP, 
2005b).  

Log Kow = 2.44 
(EPA, 2012).  

Algae:  
96h EC50 = 1.8 ȉg/L 
(Skeletonema costatum ) 
(Bao et al., 2011);                                                                       
50 ȉg/l (Amphora coffe-
aeformis , growth) (Mo-
chida and Fujii, 2009a).                          
72h EC50 = 0.0284 mg/L 
(Skeletonema costatum ) 
(Yamada, 2006); 1.5 ȉg/L 
(Skeletonema costatum , 
growth) (Mochida and Fu-
jii, 2009a).                          
Invertebrates:   
96h EC50 = 0.011 mg/L 
(Crassostea virginica) 
(ACP, 2005b).                                                                      
96h LC50 = 0.0436 mg/L 
(Penaeus japonicus) 
(Yamada, 2006); 30 ȉg/L                              
(Tigriopus japon icus ); 11 
ȉg/L (Elasmopus rapax, 
juvenile)  (Bao et al., 
2011); 2.5 ȉg/L (Hepta-
carpus futilirostris)  (Mo-
chida and Fujii, 2009a).               

Water : 22 ng/L 
(Yamada, 
2006); 0.046 
ȉg/L (EPA, 
2012).  

 Currently in widespread use.  
High toxicity to aquatic or-
ganisms, equivalent to that of 
the TBT compounds.  
Considered to degrade rap-
idly (Readma n, 2006; 
Yamada, 2006) and unlikely 
to bioconcentrate in aquatic 
organisms (EPA, 2012). The 
absence of CuPT monitoring 
data means that experi-
mental data have yet to be 
confirmed in the field and 
some uncertainty exists as to 
whether CuPT is as rapidly re-
mo ved from the environment 
as predicted (Thomas and 
Brooks, 2010).  
Long - term exposure to CuPT 
can induce skeletal deformi-
ties and inflammatory mass 
formation in mummichog lar-
vae ( Fundulus heteroclitus ). 
The mechanism of induction 
of skeletal anomalies is sim i-
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24h LC50 = 0.83 mg/L 
(Artemia salina) (Kout-
saftis and Aoyama, 2007);  
63 ȉg/L (Balanus amphi-
trite, larvae).  
48h LC50  = 5.7ȉg/L (Hy-
droides elegans, larvae) 
(Bao et al., 2011).  
96h NOEC = 6.9 µg/L 
(Crassostrea virginica, 
growth)  (ACP, 2005b).  
Fish:    
96h LC50 = 0.00767 mg/L 
(Pagrus major)  (Yamada, 
2006); 9.3 ȉg/L (Pagrus 
major)  (Mochida and Fujii, 

2009a); 8.2 ȉg/L (Oryzi as 
melastigma , larvae) (Bao 
et al., 2011).  
7d LC50 = 0.0076 mg/L 
(Oncorhynchus 
tshawytcha ).  
14d LC50 = 0.003 mg/L 
(Oncorhynchus 
tshawytcha ).  
21d LC50 = 0.0017mg/L 
Oncorhynchus 
tshawytcha ).  
28d LC50= 0.0013 mg/L 
(Oncorhynchus 
tshawytcha ) (Yamada, 
2006).  
NOEC generally 1.5 ȉg/L 
or lower (Okamura et al., 
2002).  

lar to that proposed for or-
ganophosphorus insecticides, 
that is, it i s thought to have 
neuromuscular blocking 
properties through its ability 
to inhibit acetylcholinesterase 
(AChE) activity, thus causing 
muscular contraction that can 
lead to abnormal axial  contor-
tion (Mochida and Fujii, 
2009a).  
 

Copper (I) thio-
cyanate  

Total dissolved Cu (I) in 
coastal seawater ranges be-
tween 0.15 -0.8 ȉg/L,  in-
creasing to values exceeding 
2.6 ȉg/L in marinas, espe-
cially during the tourist sea-
son; for instance, a maximal 
concentration of 3.8 ȉg/L was 
found in Stockholm harbor 
(Cima and Ba llarin, 2012).  

 Invertebrate s:  
96h LC50 = 1 ȉg/L (Cran-
gon crangon , mortality).  
Fish:  
96h LC50 = 6 -24 ȉg/L 
(Pleuronectes platessa , 
mortality) (Pesticide Eco-
toxicity Database, 2000).  

  Commonly used in Europe 
(ACE, 2002).  
Very highly toxic to fish and 
mode rately toxic to crusta-
ceans (Pesticide Ecotoxicity 
Database, 2000). There are 
insufficient data on water pol-
lution potential (PAN pesti-
cide database, 2014).  
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Dichlofluanid  
N-dichlorofluoro-
methylthio -
N',N' -dimethyl -
N-phenylsulfa-
mide  

MEC:  
Water:  not detected (LOD = 
0.24 ppb) (UK estuary); not 
detected (LOD = 9.5 ng/L) -
284 ng/L (Greek marinas) 
(Konstantinou and Albanis, 
2004);  not detected (LOD = 
0.1 -0.2 ng/L) (harbors and 
marinas from Gran Canaria 
Island, Spain) Sánchez -
Rodríguez et al., 2011b).  
Sediment:  7.2 -688.2 ng/g 
(Blackwater estuary, UK); 
<1.6 -11 ng/g (Mediterranean 
coast of Spain); not detected 
(LOD = 2.5 -3 ng/g) -195 ng/g 

dwt (Greek marinas) (Kon-
stantinou and Albanis, 2004); 
not detected (LOD = 0.3 
ng/g) -16.6 ng/g (harbors and 
marinas of Gran Canaria Is-
land) (Sánchez -Rodríguez et 
al., 2011a).  
Biota:  not detected (LOD = 
0.01 mg/Kg) (mussels, Aus-
tralia) (Department of Water, 
2009).    
PEC:  
5.8 ȉg/L (Bellas, 2006); 0.56-
16.3 ng/L (Mukherjee et al., 
2009).                        
New Zealand ha rbors and 
marinas (based on average 
leaching rate):  0.0147 -0.17 
ȉg/L (maximum); 0.00761-
0.044 ȉg/L (average) (EPA, 
2012).  
Sediment: 0.00027 ng/g dwt 
(Mukherjee et al., 2009).  

Log Kow = 3.7 
(Konstantinou and 
Albanis, 2004).  

Invertebrate s:  
EC10 = 52 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 277 µg/L ( Para-
centrotus lividus , embry-
onic development); 206 
µg/L ( Paracentrotus livi-
dus , larval growth).  
EC50 = 81 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 627 µg/L ( Para-
centrotus lividus , embry-
onic development);  282 
µg/L ( Ciona intestinalis , 
embryonic development) 
(Bellas, 2006).       

Water: 5.2 ȉg/L 
(Mytilus edulis ); 
28 ȉg/L (Para-
centrotus  livi-
dus, embryo); 
21 ȉg/L (Para-
centrotus  livi-
dus , larval 
growth); 22 
ȉg/L (Ciona in-
testinalis , em-
bryo); 3.2 ȉg/L 
(Ciona intesti-
nalis  (larval set-
tlement) (Bel-
las, 2006); 

0.0265 ȉg/L 
(EPA, 2012).  
 

Highly unstable 
in the water 
phase, so it is 
recommended 
to base the 
ERLs on the me-
tabolites formed 
and not on the 
parent com-
pound (Van 
Wezel and Van 
Vlaardingen, 
2004).  

Commonly used in Europe 
(ACE, 2002). Detected in sa-
line coastal waters at concen-
trations higher than in fresh-
waters, suggesting that its 
use in antifouling products 
may be of significance 
(Voulvoulis, 2006).  
Extremely toxic effects to 
aquatic organisms, such as 
emb ryotoxicity in sea urchin 
(Glyptocidaris crenularis)  
(Guardiola et al., 2012). 
However, in water it hydro-
lyses rapidly to DMSA (N,N -
dimethyl -Nô-phenylsulfa-

mide), which has a low tox-
icity (Assessment report, 
2006).  
The occurrence of di-
chlofluanid in Greek and 
other sediments and surface 
waters has been challenged 
by a repeat study which  sug-
gest that previous reports 
may be the result of ófalse 
positivesô arising from the use 
of non -specific detectors or 
inappropriate confirmation 
ions when using gas chroma-
tography -mass spectrometry 
(Thomas and Brooks, 2010). 
Whenever dichlofluanid is 
measured in the field, this 
points to a severe situation 
that probably results in tox-
icity (Van Wezel and Van 
Vlaardingen, 2004).  

Diuron  
Nô- (3,4 -dichloro-
phenyl) -N,N -di-
methylu rea  

MEC:  
Water: 10.5 -768 ng/L  (UK 
marinas) (Boxall et al., 
2000); 6.7 ȉg/L (UK); 1.13 
ȉg/L (Netherlands); 2 ȉg/L 
(Spain) (Dafforn et al., 

Log Kow = 2.8 
(Konstantinou and 
Albanis, 2004).  
BCF = 75 and 22 
(Thomas and 
Brooks, 2010).  

Algae:  
96h EC50 = 5.9 ȉg/L 
(Skeletonema costatum ); 
4.3 ȉg/L (Thalassiosira 
pseudonana ).  

 0.2 ȉg/L (WFD 
AA-EQS); 1.8 
ȉg/L (WFD 
MAC-EQS).  

Increased use since re-
strictions on the use of TBT. 
Persists in the marine envi-
ronment anywhere from b e-
tween a month to a year. 
However, significant contam-
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2011); 2.3 -203.6 ng/L (har-
bors and marinas from Gran 
Canaria Island) (Sánchez -
Rodríguez et al., 2011b).  
Sediment:  1.42  ȉg/g (UK); 
<1 ȉg/g (Netherlands); 0.136 
ȉg/g (Spain) (Dafforn et al., 
2011); not detected (LOD = 
0.2 ng/g) -21.3 ng/g (harbors 
and marinas of Gran Canaria 
Island) (Sánchez -Rodríguez 
et al., 2011a).  
PEC:  
UK marinas:  48.4 -17000 ng/L 
(Boxall et al., 2000).                         

24h EC50 = 43000 ȉg/L 
(Pyrocystis lunula ) (Bao et 
al.,  2011).  
Invertebrates:  
24h LC50 = 12.01 mg/L 
(Artemia salina ) (Kout-
saftis and Aoyama, 2007); 
21000 ȉg/L (Balanus am-
phitrite, larvae ).  
48h LC50 = 16000 ȉg/L 
(Hydroides elegans , lar-
vae).  
96h LC50 > 3000 ȉg/L 
(Elasmopus rapax , juve-
nile); 11000 ȉg/L ( Ti-
griopus japonicus, adult).  

Fish:  
96h LC50 = 7800 ȉg/L 
(Oryzias melastigma , lar-
vae) (Bao et al., 2011).  

ination is more likely attribut-
able to agricultural run -off ra-
ther than antifouling usage 
(Dafforn et al., 2011).  
Photosynthetic system II 
(PSII) inhibitor and highly 
toxic to autotrophic aquatic 
species  such as cyanobacte-
ria, algae, macrophytes and 
symbiotic dinoflagellates in 
corals (Bao et al., 2011).  
 

Folpet  
N-(trichlorome-
thylthio)phthali
mide  

MEC:  
Water: <1 -2 ng/L (Northern 
Adriatic) (Readman et al., 
1997).           
Sediment:  not detected (LOD 
= 10  ng/g dwt) (major ports 
and marinas of the Cote 
dôAzur, France) (Cassi et al., 
2008).  

Log Kow = 3.02.  
BCF = 56 (PPDB, 
2013).  

Invertebrates:  
96h LC50 = 12.1 mg/L 
(Americamysis bahia ) 
(PPDB, 2013).  
Fish:  
96h LC50 = 675 ppb 
(bluegill sunfish) (USEPA, 
1999).     

  Characterized as being highly 
toxic to both cold water and 
warm water fish. Data from a 
study with a typical end -use 
product of folpet indicate that 
it is also toxic to aquatic in-
vertebrates (USEPA , 1999).  
Non -persistent compound 
(PPDB, 2013).  

Irgarol 1051 (Cy-
butryne)  
NŹ- tert -butyl -N-
cyclopropyl -6-
(methylthio) -
1,3,5 - triazine -
2,4 -diamine  

MEC:  
Water: 5.6 -201 ng/L  (UK ma-
rinas) (Boxall et al., 2000); 
1.4 ȉg/L (UK); 0.09 ȉg/L 
(Netherlands); 1 ȉg/L 
(Spain); 0.09 ȉg/L (Greece) 
(Dafforn et al., 2011); 2.4 -
146.5 ng/L (harbors and ma-
rinas from Gran Canaria Is-
land) (Sánchez -Rodríguez et 
al., 2011b);                              
<1 ng/L -1.7 ȉg/L (European 
coasts and other world coun-
tries) (Cima and Ballarin, 
2012); 2 ng/L and 8 ng/L 
(two samples out of 31 in the 
remotest part of the Indian 

Log Kow = 3.95 
(Loos, 2012).  
BCF = up to 
150,000 ml/g 
(Tetraselmis 
suecica under la-
boratory condi-
tions) (Thomas and 
Brooks, 2010); 250 
(whole fish) (As-
sessment report, 
2011).  

Algae:  
96h EC50 = 0.57 ȉg/L 
(Skeletonema costatum ); 
0.38 ȉg/L (Thalassiosira 
pseudonana ).  
24h EC50 >15000 ȉg/L 
(Pyrocystis lunula ) (Bao et 
al., 2011).  
120h NOEC = 0.146 ȉg/L 
(Skeletonema costatum , 
growth inhibition) (As-
sessment report, 2011).  
Invertebrates:  
EC10 = 797 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 2904 µg/L ( Para-

Water:  80 ȉg/L 
(Mytilus edulis ); 
290 ȉg/L (Para-
centrotus livi-
dus , embryo); 
187 ȉg/L (Para-
centrotus livi-
dus , larval 
growth (Bellas, 
2006); 1.46 
ng/L; 5.8 ng/L 
(Assessment 
report, 2011).  
Sediment:  4.4 
ng/g dwt (As-
sessment re-
por t, 2011).  

0.0025 ȉg/L 
(WFD AA -EQS); 
0.016 ȉg/L WFD 
MAC-EQS).  
24 ng/L (ERL, 
water); 1.4 
ȉg/kg (ERL, 
sediment) (Van 
Wezel and Van 
Vlaardingen, 
2004).  

First introduced in Europe in 
the mid -1980s since the par-
tial regulatory restrictions on 
TBT. It has been ba nned on 
pleasure crafts (<25 m in 
length) in the UK and Den-
mark, but still widely used in 
other parts of the world.  
Detected in all European 
coasts and other world coun-
tries, indicating widespread 
pollution. It can be linked to 
vessel activity since it is  not 
used as an herbicide. Inter-
estingly, also detected in Aus-
tralia, despite not being used 
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Ocean) (Price and Readman, 
2013).  
Sediment:  1.011 ȉg/g (UK); 
<1 ȉg/g (Netherlands); 0.088 
ȉg/g (Spain); 0.69 ȉg/g 
(Greece) (Dafforn et al., 
2011); not detected (LOD = 
0.1 ng /g) -23.9 ng/g (harbors 
and marinas of Gran Canaria 
Island) (Sánchez -Rodríguez 
et al., 2011a).  
PEC:  
UK marinas:  2.5 -7670 ng/L 
(Boxall et al., 2000); 4.0 ȉg/L 
(Bellas, 2006).                   

centrotus lividus , embry-
onic development); 1868 
µg/L ( Paracent rotus livi-
dus , larval growth).  
EC50 = 1540 µg/L ( Myti-
lus edulis , embrionic de-
velopment); 4021 µg/L 
(Paracentrotus lividus , 
embryonic development); 
6032 µg/L ( Paracentrotus 
lividus , larval growth); 
2115 µg/L ( Ciona intesti-
nalis , embryonic develop-
ment)  (Bel las, 2006).  
96h EC50 = 480 ȉg/L (My-
sidopsis bahia ) (Assess-

ment report, 2011).  
48h LC50 = 2600 ȉg/L 
(Hydroides elegans , lar-
vae) (Bao et al., 2011); 
>4000 ȉg/L (Bao et al., 
2013).  
96h LC50 = 1000 ȉg/L 
(Elasmopus rapax , juve-
nile); 2400 ȉg/L (Tigri-
opus japonic us , adult) 
(Bao et al., 2011); 1800 
ȉg/L (Tigriopus japonicus  
(Bao et al., 2013).  
28d NOEC = 110 ȉg/L 
(Mysidopsis bahia , repro-
duction) (Assessment re-
port, 2011).  
LOEC= 940 ȉg/L ( Ti-
griopus japonicus ).  
NOEC= 188 ȉg/L ( Ti-
griopus japonicus ) (Bao et 
al., 2013).   
Fish:  
96h LC50 = 1760 ȉg/L 
(Menidia beryllina , morta-
lity) (Assessment report, 
2011); 1000 ȉg/L ( Oryzias 
melastigma , larvae) (Bao 
et al., 2011).  

in Australia's boating indus-
try, and in remote areas (Daf-
forn et al., 2011; Price and 
Readman, 2013).  
Relatively highly stable and 
persistent in the marine envi-
ro nment (Assessment report, 
2011; Bao et al., 2013). Con-
sidered to be non -biode-
gradable and its degradation 
in seawater is slow, with half -
life of about 100 days (Kon-
stantinou and Albanis, 2004).  
Photosynthetic system II 
(PSII) inhibitor and highly 
toxic to autotrophic aquatic 

species such as cyanobacte-
ria, algae, macrophytes and 
symbiotic dinoflagellates in 
corals (Bao et al., 2011).  
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33d NOEC = 170 ȉg/L 
(Cyprinodon variegatus , 
grotwh) (Assessment re-
port, 2011).                                         

Maneb  
Manganese eth-
ylene bisdithio-
carbamate  

 Log Kow = -0.45  
High potential of 
bioconcentration 
(PPDB, 2013).  

Invertebrates:  
96h LC50 = 2400 ȉg/L   
(Americamysis bahia ) 
(PPDB, 2013).  

 

 3 ȉg/L (UK AA-
EQS); 30 ȉg/L 
(UK MAC -EQS) 
(SEPA, 2014).  

On the market in the United 
States.  
Very few data available.  
Moderately soluble in water 

and undergoes hydrolysis.  
Not seen as a likely contami-
nant of surface water and has 
not been monitored (Down-
ing, 2000).  

Medetomidine  
4- [1 - (2,3 -dime-
thylphenyl)ethyl]
-3Himidazole  

PEC:  
Marina:  1.5 ng/L.  
Harbor:  1.1 ng/L.  
Shipping lane:  0.00034 ng/L.  
Baltic harbors and marinas : 
0.0042 ng/L -57 ng/L.                     
Sediment:  0.013 ng/Kg (har-
bor); 0.073 ng/Kg (marina).  
Baltic harbors and marinas : 
0.0000027 -0.78 ng/Kg dwt 
(Ohlauson, 2013).  

Log Kow = 3.13 
(Wendt, 2013),           
Log Kow = 2.9 
(Ohlauson, 2013).  
BCF = 2.8 ( Cran-
gon crangon ), 134 
(Mytilus edulis ) 
(Hilvarsson et al., 
2009).  

Algae:  
72h EC50 = 100000 nM 
(Ulva lactuca , inhibition of 
settling and growth) 
(Wendt, 2013).EC50 = 
2.145 ȉg/L (green alga) 
(Cui et al., 2014).  
Invertebrates:  
24h EC50 = 86 ȉg/L (Abra 
nitida , burr owing re-
sponse); 0.9ȉg/L (Abra 
nitida , sediment rework-
ing activity) (Bellas et al., 
2006).  
48h LC50 = 540 nM ( Acar-
tia tonsa , mortality).  
48h EC50 = 720 nM ( Acar-
tia tonsa , egg production).  
24h LOEC = 42 nM ( Coro-
phium volutator , search 
behavior) (Wendt, 201 3). 
(Wendt, 2013).  
Fish:  
LC50 = 14.043 ȉg/L (Cui 
et al., 2014).  

Water:  50 ȉg/L 
(Ohlauson, 
2013).  

 Already approved in Japan 
and Korea. In Europe, even 
though it has yet to be regis-
tered as an antifouling bio-
cide, a number of studies 
have been published on its ef-
fects on non - target organ-
isms.  
Estimated to be toxic and 
persistent, though it has not 
yet been detected in the en-
vironment (Lennquist et al., 
2010; Cui et al., 2014).  
Significant effects on burrow-
ing and sediment reworking 
activity of Abra nitida  were 
found, although after 24h re-
covery of exposed animals in 
clean sea water and sedi-
ment, a reversibility of the ef-
fects was detected (Bellas et 
al., 2006). Effects also ob-
served on the respiration rate 
and color adaptation in juve-
nile turbot exposed to s uble-
thal concentrations, although 
the effects were induced 
above PEC (Hilvarsson et al., 
2007; Ohlausson, 2013).  
Its low ecotoxicity when com-
pared to other biocides sug-
gests it is a promising anti-
fouling. Nevertheless, there 
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are still large knowledge gaps  
of the ecotoxicological ef-
fects, bioaccumulation poten-
tial, degradation pathways 
and metabolites, and leakage 
rates of this compound in the 
marine environment 
(Hivarsson et al., 2007, 
2009; Wendt, 2013).  

DCOIT (Sea -Nine 
211)  
4,5 -dichloro -2-
octylisothiazol -
3(2H) -one  

MEC:  
Water: >3.3 ȉg/L (Spanish 
marinas) (Martínez et al., 
2000); <1 -3700 ng/L (Span-
ish marinas); <1 -3 ng/L 
(Swedish marinas); <1 ng/L 
(UK and Greek marinas and 
ports) (ACE, 2002); 2.55 ȉg/L 
(Chen et al., 2014).  
Sedi ment:  not detected (LOD 
< 1.6  ȉg/Kg dwt)-2 ȉg/Kg 
dwt (Greece and Spain) (ACE, 
2002); 0.04 -150 ȉg/Kg dwt 
(Japan) (Onduka et al., 
2013); <0.04 -2.4 ȉg/Kg dwt 
(coastal areas of Spain, Den-
mark, and Japan) (Ito et al., 
2013).  
PEC:  
3.7 ȉg/L (Bellas, 2006); 
0.0004 23 ȉg/l (Wang et al., 
2014a).  
New Zealand harbors and 
marinas (based on average 
leaching rate):  0.0279 -0.337 
ȉg/L (maximum);       0.0187-
0.204 ȉg/L (average) (EPA, 
2012).  
Sediment: 0.000187 mg/kg 
(Wang et al., 2014a).  

Log Kow = 2.8 
(Wang et al., 
2014a).  
BCF = 750 (bluegill 
sunfish, whole 
body) (Assessment 
report, 2014).  

Algae:  
48h EC50 = 0.34 µg/L 
(Hormosira banksii , ger-
mination); 0.43 µg/L 
(Hormosira banksii , rhi-
zoid growth) (Myers et al., 
2006).  
24h EC50 = 0.48 ȉg/L 
(Skeletonema costatum ) 
(Assessment rep ort, 
2014).  
EC50 = 18 ȉg/L (Skele-
tonema costatum ) (Wang 
et al., 2014a).  
NOEC = 0.48 ȉg/L (Skele-
tonema costatum ) (As-
sessment report, 2014).  
Invertebrates:   
EC10 = 7.1 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 5.9 µg/L ( Paracen-
trotus lividus , embryonic 
development); 1.7 µg/L 
(Paracentrotus lividus , lar-
val growth).  
EC50 = 11 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 12.1 µg/L ( Para-
centrotus lividus , embry-
onic development); 21 
µg/L ( Paracentrotus livi-
dus , larval growth) (Bel-
las, 2006).  
LC50 = 24 ȉg/L 
(Crassostrea virginica ) 
(EPA, 2012).  

Water:  0.71 
ȉg/L ( Mytilus 
edulis ); 0.59 
ȉg/L (Paracen-
trotus lividus , 
embryo); 0.17 
ȉg/L (Paracen-
trotus lividus , 
larval growth) 
(Bellas, 2006); 
0.0068 ȉg/L 
(Assessment 
report, 2014); 
0.024 ȉg/L 
(Wang et al., 
2014a).  
Sediment:  0.01 
mg/Kg dwt 
(0.0034 mg/Kg 
wwt) (Assess-
ment  report, 
2014); 0.003 
mg/Kg (Wang 
et al., 2014a).  

 One of the most popular al-
ternative biocides, it has been 
used worldwide (Thomas and 
Brooks, 2010).  
Data regarding its toxicity for 
marine organisms are accu-
mulating, however its occur-
rence is rarely repo rted. 
These studies revealed toxic 
effects on embryogenesis and 
larval growth of sea urchins, 
crustaceans, bivalve, and as-
cidians (Bellas, 2006; Guardi-
ola et al., 2012), apoptosis in 
the testicular germ cells of 
mummichogs ( Fundulus het-
eroclitus ) (Ito et a l., 2013), 
hepatic oxidative stress, af-
fected brain neurotransmis-
sion, and impaired homeosta-
sis of sex hormones in the 
plasma of adult marine 
medaka ( Oryzias me-
lastigma ), which adversely 
affected the reproductive 
success of the offspring 
(Chen et al, 2014) .  
Toxicity models performed in 
New Zealand marinas found 
DCOIT to pose very high risks 
to the aquatic environment 
and therefore may need to be 
reduced (EPA, 2012). Toxic 
effects on some sensitive 
species residing in the coastal 
areas of Japan have also be en 
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96h LC50 = 4.7 ȉg/L (My-
sidopsis bahia).  
48h EC50 = 3.2 ȉg/L 
(Crassostrea virginica , 
static); 411 ȉg/L (Mytilus 
edulis , static) (Assess-
ment report, 2014).                 
L(E)C50 = 2.7 ȉg/L (Myti-
lus edulis ); 9.4 ȉg/L 
(Crassostrea virginica ); 
1700 ȉg/L (Uca pugila-
tor); 27.2ȉg/L (Penaeus 
aztecus ); 2.4 ȉg/L (Para-
centrotus lividus ) (Wang 
et al., 2014a).  
NOEC = 0.8 ȉg/L 

(Crassostrea virginica ) 
(EPA, 2012); 18 ȉg/L 
(Crassostrea virginica ); 
207 ȉg/L (Mytilus edulis ); 
0.63 ȉg/L (Americamysis 
bahia ); 0.1 mg/Kg dwt 
(Leptocheirus plumulosus ) 
(Assessment report, 
2014).  
Fish:  
96h LC50 = 20.5 ȉg/L 
(Cyprinodon variegatus ) 
(Mochida and Fujii, 
2009a).  
NOEC = 6.0 ȉg/L (Cyprin-
odon variegatus ) (Assess-
ment report, 2014).       

suggested, although the eco-
logical risk appears to be con-
fined to a limited area of Jap-
anese coastal waters (On-
duka et al., 2013). Overall, 
the risk in the marine envi-
ronment is considered to be 
relatively low (Wang et al., 
2014a). DCOIT is proposed to 
be approved as an active sub-
stance for use in product type 
21, subject to some specific 
conditions (Assessment re-
port, 2014).                                                                                                                                                                                                                                          

TCMS pyridine 
(Densil 100)  
2,3,3,6 -
tetrachloro -4-
(methylsulfonyl) 
pyridine  

MEC:  
Water: not detected (LOD = 5 
ng/L) in UK marinas (Kon-
stantinou and Albanis, 2004).  
 

Log Kow = 1.95 
(Cui et al., 2014).  

Only freshwater data.    Previously used as leather 
tanning additive, it is one of 
the more recent antifouling 
compounds introduced to the 
market (Guardiola et al., 
2012) and still little used 
(Thomas and Langford, 
2009). Introduced as a 
booster in various antifouling 
paints in commerce in the 
northern Adriatic Sea (Menin 
et al., 2008). Removed on 
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yachts <25 m in many Euro-
pean countries (Price and Re-
adman, 2013).  
Very few available data con-
cerning its toxic ity. Found to 
cause immunotoxic effects at 
concentrations higher than 10 
ȉM in haemocyte cultures of 
the colonial ascidian Botryllus 
schlosseri : i) deep changes in 
the cytoskeleton that irre-
versibly affect cell morphol-
ogy and phagocytosis, ii) in-
duction of  DNA damage, iii) 
leakage of oxidative and hy-
drolytic enzymes due to 

membrane alteration (Menin 
et al., 2008).  
Its environmental character-
istics are similar to TBT and 
has been registered as highly 
toxic for freshwater fish and 
aquatic invertebrates, thus  
caution against its use has 
been suggested. However, 
appropriate risk assessments 
are still required (Voulvoulis 
et al., 2002; Menin et al., 
2008).  

TCMTB (Busan) 
2- thiocy-
anatomethyl-
thio -benzothia-
zole  

MEC:  
Water: not detected (LOD = 1 
ng/L) in UK marinas (Kon-
stantinou and Albanis, 2004).  
PEC:  
Estuaries:  0.8 -27.5 ȉg/L.  
Open marinas:  18.1 -604.5 
ȉg/L (ACP, 2005a). 
Sediment:  2.1x10 -6-6.9x10 -5 

ȉg/g (estuaries); 3.8x10-5-
1.3x10 -3 ȉg/g (open marinas) 
(ACP, 2005a).  

Log Kow = 3.1 
(Van Wezel and 
Van Vlaardingen, 
2004). Log Kow = 
3.3 (Voulvoulis, 
2006).  
BCF = 184 (bluegill 
sunfish, whole 
body) (ACP, 
2005a).  

Invertebrates:   
24h LC50 = 63 ȉg/L (My-
sidopsis bahia ).  
48h LC50 = 23 ȉg/L (My-
sidopsis bahia).  
96h LC50 = 21 ȉg/L (My-
sidopsis bahia)  (ACP, 
2005a).         
48h EC50 = 13.9 ȉg/L 
(Mercenaria mercenaria ) 
(USEPA, 2006).  
96h NOEC = <7.8 ȉg/L   
(Mysidopsis bahia) (ACP, 
2005a).         
NOEC = <13 ug/L ( Merce-
naria mercenaria ) 
(USEPA, 2006).  

Water:  0.021 
ȉg/L  
(ACP, 2005a).  

380 ng/L (ERL, 
water) (Van 
Wezel and Van 
Vlaardingen, 
2004).  

Frequently used in the past in 
many countries wor ldwide 
(Konstantinou and Albanis, 
2004). Currently, it is not 
permitted on yachts <25 m in 
many European countries 
(Price and Readman, 2013). 
Limited information to allow 
for any accurate assessment 
of the actual amounts used 
(ACP, 2005a).  
Environmental ch aracteristics 
similar to TBT, although tox-
icity data are very limited and 
mostly restricted to freshwa-
ter organisms (Van Wezel and 
Van Vlaardingen, 2004; ACP, 
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Fish:  
96h LC50 = 60 ȉg/L (Cy-
prinodon variegatus , alt-
hough the low oxygen 
concentra tions of this 
study reduces confidence 
in the results).  
96h NOEC = 36ȉg/L (Cy-
prinodon variegatus ) 
(ACP, 2005a).  

2005a). It may cause suble-
thal effects in fish, resulting 
in an increase in predation 
and a decre ased ability to 
survive. Indications of endo-
crine disruption (USEPA, 
2006).  
Limited data are on its sorp-
tion characteristics, although 
the sediment compartment 
seems not to be a concern for 
this compound (ACP, 2005a; 
USEPA, 2006). The lack of in-
formation on their fate, be-
havior and toxicity makes ac-
curate risk assessment diffi-

cult (Voulvoulis, 2006).  

Thiram  
Bis(dimethylthio-
carbamoyl) di-
sulfide  

MEC:  
Not detected in water (<0.1 
ȉg/L) and marine inverte-
brates (<0.1 mg/Kg) (ACE, 
2002; Department of Water, 
2009).  
Sediment:  very low concen-
trations in Western Austalian 
coasts (<0.1 -3.4 mg/kg dwt) 
(Department of water, 2009).  
PEC:  
New Zealand harbors and 
marinas:  0.0961 -0.16 ȉg/L 
(maximum);       0.065 -0.757 
ȉg/L (average) (EPA, 2012). 
 

Log Kow = 1.73 
(EPA, 201 2).  

Invertebrates:   
L(E)C50 = 4.7 ȉg/L 
(Crassostrea virginica ).  
NOEC = <1.3 ȉg/L 
(Crassostrea virginica ).  
Fish:  
L(E)C50  = 46 ȉg/L (On-
corhynchus mykiss ).  
NOEC = 9.6 ȉg/L (On-
corhynchus mykiss ) (EPA, 
2012).  

Water:  0.01 
ȉg/L (EPA, 
2012).  

 Relatively frequent use.  
Exhibits strong toxic effects, 
and has teratogenic proper-
ties in some teleost species 
and reproductive toxicity in 
mammals (Mochida and Fujii, 
2009b). It is also a suspected 
endocrine disruptor. Toxicity 
models performed in New 
Zealand marinas found 
thiram to pose very high risks 
to the aquatic environment 
and therefore may need to be 
reduced (EPA, 2012). How-
ever, data are mostly re-
stricted to freshwater organ-
isms. It is necessary to gather 
and analyze additional data 
on the toxic effects on marine 
org anisms in addition to mon-
itoring their occurrence in the 
marine environment (Mo-
chida and Fujii, 2009a, b).  

Tolylfluanid  
N-(dichlorofluo-
romethylthio) -
N',N' -dimethyl -
N-p- tolylsulfa-
mide  

MEC:  
Not detected in sediments in 
a water -sediment study (BPC, 
2014).  
PEC:  

Log Kow = 3.9 
(Wendt, 2013).  

Invertebrates:   
EC10 = 49 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 219 µg/L ( Para-
centrotus lividus , embry-
onic development); 193 

Water:  0.0265 
ȉg/L (EPA, 
2012).  

 Frequently used.  
Rapidly hydrolyzed and bio-
degraded in water. The risks 
to aquatic organisms by the 
prese nce of its main two me-
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Visakhapatnam Harbor (In-
dia): 1.08 -6.72 ng/L 
(Mukherjee et al., 2009).   
New Zealand harbors and 
marinas (based on average 
leaching rate and arbitrarily 
chosen worst case leaching 
rates equal to those for di-
uron):  0.027 -0.303 ȉg/L 
(maximum); 0.0157 -0.0 967 
ȉg/L (average) (EPA, 2012). 
 

µg/L ( Paracentrotus livi-
dus , larval growth).  
EC50 = 74 µg/L ( Mytilus 
edulis , embrionic develop-
ment); 405 µg/L ( Para-
centrotus lividus , embry-
onic development); 986 
µg/L ( Paracentrotus livi-
dus , larval growth); 217 
µg/L ( Ciona intestinalis , 
embryonic development) 
(Bellas, 2006).  

tabolites (N,N -dimethyl-
sulphamide and N,N -dime-
thyl -N'-p- tolylsulphamide) 
are deemed low (EPA, 2012). 
It is not considered to have  
endocrine disrupting proper-
ties. The limit of quantifica-
tion of the existing method in 
seawater does not fulfil the 
requirements based on the 
PNEC. No method for fish and 
shellfish is available. Studies 
on sorption at marine envi-
ronmentally relevant condi-
tions (concentrations ȉg/L to 
ng/L, pH ~8, DOC not too 

high, etc.) are recommended 
(BPC, 2014).  

TPBP (KH101)  
Triphenylborane -
pyridine  

MEC:  
Water: 4.8ï21 pg/L (coastal 
areas of Hiroshima Bay) (Mo-
chida et al., 2012).  
PEC:  
Marina:  0.0881 -0.736 ȉg/L 
(Oliveira  et al., 2014).  
Commercial harbor:  0.176 
ȉg/L. 
Sediment:  2.24 mg/kg (Wang 
et al., 2014a).  

Log Kow = 5.52 
(for triphenyl-
borane, TPB) 
(Wendt, 2013).  

Algae:  
72h EC50 = 4.4 ȉg/L 
(Chaetoceros calcitrans ); 
140 ȉg/L (Dunaliella terti-
olecta ); 2.9 ȉg/L (Tetra-
selmis  tetrathele ); 2.2 
ȉg/L (Skeletonema costa-
tum ).  
72h NOEC = 0.3 ȉg/L 
(Skeletonema costatum ) 
(Mochida et al., 2012).  
Invertebrates:   
48h LC50 = 130 ȉg/L 
(Artemia salina ) 
(Okamura et al., 2009); 
31 ȉg/L ( Hemicentrotus 
puldherrimus ) 
(Tsunemasa et al., 2013); 
14  µg/L ( Tisbe battagliai ) 
(Oliveira et al., 2014).  
24h LC50 = 32 µg/L 
(Portunus 
trituberculatus ); 6.6 µg/L 
(Tigriopus japonicus ) 
(Mochida et al., 2012);                       
6.3 ȉg/L ( Crassostea 
gigas ) (Tsunemasa et al., 
2013).  

Water:  0.0629 
ȉg/L (Oliveira et 
al., 2014); 
0.0002 ȉg/L 
(Wang et al., 
2014a).  
Sediment:  
0.0019 mg/Kg 
(Wang et al., 
2014a).  

 In use over the last decade in 
certain Asian countries like 
Japan and China.  
Appears to have the poten tial 
to harm the environment. It 
exerts effects at very low 
concentrations in oyster and 
sea urchin species (Oliveira et 
al., 2014). However further 
data are essential to better 
understand the fate and ef-
fects of this biocide in natural 
marine environment (Mo-
chida et al., 2012; Oliveira et 
al., 2014). Although the po-
tential for bioaccumulation 
has not yet been fully clarified 
(Mochida et al., 2012), the 
Log Kow for TPB suggest it 
has a strong potential to bio-
accumulate (Wang et al., 
2014a).  
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NOEC = 4 µg/L ( Tisbe 
battagl iai ) (Oliveira et al., 
2014).  

Tralopyril 
(Eco nea)  
4-bromo -2- (4 -
chlorophenyl) -5-
(trifluorome-

thyl) -1H-pyrrole -
3-carbonitrile  

MEC : Not available.  
PEC:  
Marina:  0.0844 -0.714 ȉg/L 
(Oliveira et al., 2014).  

BCF <3.2 ( Cypri-
nus carpio ) 
(Kempen, 2011).  

Invertebrates:   
24h LC50 = 950 µg/L 
(Balanus Amphitrite 
(Kempen, 2011).  
48h EC50 = 3.1 µg/L 

(Mytilus galloprovincialis ); 
3 µg/L ( Paracentrotus livi-
dus ); 0.9 µg/L ( Tisbe 
battagliai ).  
NOEC = 0.1 µg/L ( Mytilus 
galloprovincialis ); 1 µg/L 
(Paracentrotus lividus ); 
0.8 µg/L ( Tisbe battagliai ) 
(Oliveira et al., 2014).   

Water:  0.009 
ȉg/L (Oliveira et 
al., 2014).  

 Already approved by US EPA. 
Paints reported to be availa-
ble from late 2009.  
Very scarce information with 
respect to toxicity besides 

that provided by the manu-
facturer. It appears to have 
the potential to harm t he en-
vironment, so further data 
are essential to better under-
stand the fate and effects of 
this biocide (Oliveira et al., 
2014).  

Zinc pyrithione 
(Zinc Omadine)  
Bis[1 -hydroxy -
2(1H) -pyri-
dinethionato -
o,s] -T-4 zinc  

MEC:  
Water: not detected (LOD < 
20 ng/L) in  UK marinas (Kon-
stantinou and Albanis, 2004).  
Sediment:  58 -560 mg/Kg 
(aquaculture farms) (Simp-
son et al., 2013); 166.47 
mg/kg mg/kg (maximum 
mean Zn - total in Mediterra-
nean farms treated with anti-
fouling).  
Biota:  330.20 mg/kg dwt 
(Sparus aurata,  maximum 
Zn - total in Mediterranean 
farms treated with antifoul-
ing); 435.30 mg/kg dwt ( Di-
centrarchus labrax,  maximum 
Zn - total in Mediterranean 
farms treated with antifoul-
ing) (Nikolaou et al., 2014).  
PEC:  
Pleasure craft harbor : 1.7 
ȉg/L (including photolysis); 
0.56 ȉg/L (ignoring photoly-
sis).  
Navigation route : 0.022 ȉg/L 
(including photolysis); 
0.0053 ȉg/L (ignoring photol-
ysis) (Madsen et al., 2000).         

Log Kow = 0.9 
(EPA, 2012).  

Algae:  
96h EC50 = 30 µg/L ( Am-
phora coffeaeformis ) (Mo-
chida and Fujii, 2009a); 
0.51 µg/L ( Thalassiosira 
pseudonana ) (Bao et al., 
2011).  
72h EC50 = 1.6 µg/L 
(Skeletonema costatum ) 
(Mochida and Fujii, 
2009a).  
48h EC50 = 0.21 µg/L 
(Hormosira banksii , ger-
mination), 0.31 µg/L ( Hor-
mosira banksii , rhizoid 
growth) (Myers et al, 
2006).  
24h EC50 = 4.4 µg /L ( Py-
rocystis lunula ) (Bao et 
al., 2011).  
Invertebrates:   
96h EC50 = 0.0063 mg/L 
(Mysidopsis bahia ); 0.022 
mg/L ( Crassostrea virgin-
ica ) (ACP, 2003); 120 
µg/L ( Heptacarpus futili-
rostris ) (Mochida and Fu-
jii, 2009a).  

Water:  0.0026 
ȉg/L  
(ACP, 2003); 
0.115 ȉg/L 
(Mytilus edulis ); 
0.016 ( Paracen-
trotus lividus ) 
(Bellas et al., 
2005);                 
0.046 ȉg/L 
(EPA, 2012).  

200 mg/kg 
(Australian 
lower SQGs to 
protect against 
acute effects) 
(Simpson et al., 
2013).                        

Widely used in Europe (8246 
kg/year maximum amount 
distr ibuted/used in UK; 4248 
kg/year quantities of biocide 
sold in France) (ACE, 2002; 
Willemsen, 2005).  
Very few monitoring surveys 
in Europe. Appears to be 
(along with zineb) the least 
hazardous options for the 
aquatic environment, being 
photodegradable withi n a 
short time frame. However, 
analytical constraints for 
these latter booster biocide 
compounds render environ-
mental assessment difficult 
(Price and Readman, 2013). 
Moreover, it may not be a sig-
nificant degradation process 
in lower depths even in 
coastal environments such as 
in marinas and harbors, 
where the influence of light is 
limited (Marcheselli et al., 
2010; EPA, 2012). Similarly, 
it is not sure that a drastic re-
duction in ZnPT toxicity oc-
curs under light conditions, so 
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Open marina:  2-53.5 ng/L 
(usually below limit of detec-
tion of 5 ng/L quoted by the 
Centre for Environment, Fish-
eries & Aquaculture Science, 
CEFAS) (ACP, 2003).                                              
New Zealand harbors and 
marinas (based on average 
leaching rate ):  0.0727 -0.835 
ȉg/L (maximum); 0.0485-
0.48 ȉg/L (average) (EPA, 
2012).  
Sediment : extremely low, 
6.2x 10 -11 -1.6x10 -9 µg/g 
(ACP, 2003).  

 

48h EC50 = 2.6 µg/L 
(Mytilus edulis); 2.5  µg/L 
(Paracentrotus lividus).  
24h EC50 = 72 -187 µg/L 
(Ciona intestinalis , larval 
morphological abnormali-
ties) (Bellas et al., 2005).                                                         
24h LC50 = 3.17 mg/L 
(Artemia salina ) (Kout-
saftis and Aoyama, 200 7).  
96h LC50 = 2.47 µg/L ( Di-
nophilus gyrociliatus , dark 
conditions); 3.66 ( Dinoph-
ilus gyrociliatus , 12h 
light/12h dark conditions) 
(Marcheselli et al., 2010).  

48h LC50 = 7.6 µg/L ( Hy-
droides elegans , larvae).  
96h LC50 = 170 µg/L ( Ti-
griopus japonicas ) (Bao et 
al., 2011).  
Fish:  
96h LC50 = 0.40 mg/L 
(Cypridon variegatus ) 
(ACP, 2003); 98.2 µg/L 
(Pagrus major ) (Mochida 
and Fujii, 2009a); 43 µg/L 
(Oryzias melastigma , lar-
vae) (Bao et al., 2011).  

a great uncertainty still exis ts 
concerning the actual persis-
tence of the biocide in the 
marine environment (Mar-
cheselli et al., 2010).  
It poses potential ecological 
threat even at the very low 
tested concentrations (Bellas 
et al., 2005; Marcheselli et 
al., 2010, 2011; Bao et al., 
2011 ). It shows strong tox-
icity to the germination and 
rhizoid growth of a macroal-
gal species  (Hormosira 
banksii ) and is extremely 
toxic to the embryonic devel-

opment of sea urchins ( An-
thocidaris crassispina ) (Mo-
chida and Fujii, 2009b). It has 
been also found v ulnerability 
of adult mussels ( Mytilus gal-
loprovincialis ) to non - lethal 
concentrations, which rapidly 
induce a marked stress re-
sponse and loss of genomic 
integrity (Marchesellli et al., 
2011).   
There is need for monitoring 
the levels of ZnPT in sea-
water, sediment and biota, in 
order to improve the availa-
bility of environmental data 
(Marcheselli et al., 2010, 
2011).  
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Zineb  
Zinc eth-
ylenebis(dithio-
carbamate)(pol-
ymeric)  

MEC:  
Not detected (LOD < 1 ng/L) 
in water and sediments (As-
sessment report, 2013).  
PEC:  
New Zealand harbors and 
marinas (based on average 
leaching rate):  0.0125 -0.142 
ȉg/L (maximum); 0.00506-
0.0277 ȉg/L (average) (EPA, 
2012).   
Commercial harbor: 0.0714 
ȉg/l (Wang et al., 2014a). 
 
 
 

Log Kow = 0.32 
(Assessment re-
port, 2013).  
Log Kow = 0.8 (Cui  
et al., 2014).  
BCF = 34 (meas-
ured, fish); 1.41 
(estimated, fish) 
(Assessment re-
port, 2013).  

Algae:  
72h EC50 = 0.49 mg/L 
(Hormosira banksii ) (My-
ers et al., 2006); 0.036 
mg/L ( Skeletonema costa-
tum ).  
72h NOEC = 0.022 mg/L 
(Skeletonema costatum , 
measured) (As sessment 
report, 2013).  

Water:  0.044 
ȉg/L (EPA, 
2012); 0.0219 
mg/L (Assess-
ment report, 
2013); 0.036 
ȉg/L (Wang et 
al., 2014a).  

 Largely used in Europe, 
EEUU, Japan and Australia.  
Few available data on the tox-
icity to marine organisms. 
Found to have teratogenic 
properties and reproductive 
toxicity in mammals (Mochida 
and Fujii, 2009b). The eco-
logical risk of antifouling paint 
using zineb onto ships in the 
marine environment is con-
sidered relatively high in 
China (Wang et al., 2014a).  
There is need to accumulate 
more data on the toxic ef-
fects, especially on reproduc-

tion in marine organisms, and 
to monitor their occurrence 
(Mochida and Fujii, 2009a, 
b). Data on the occurrence in 
the marine environment are 
limited, perhaps because the 
methodology for its monitor-
ing is less clearly defined than 
for other booster biocides 
(Readman, 2006).  

Ziram  
Zinc bis(dime-
thyldithiocarba-
mate)  

PEC:  
New Zealand harbors and 
marinas:  0.0484 -0.529 ȉg/L 
(maximum); 0.0308 -0.222 
ȉg/L (average) (EPA, 2012).  
 

Log Kow = 1.65 
(EPA, 2012).  

Invertebrates:   
L(E)C50 = 77 ȉg/L 
(Crassostrea virginica ).  
NOEC = 15 ȉg/L 
(Crassostrea virginica ) 
(EPA, 2012).  

Water:  0.02 
ȉg/L (EPA, 
2012).  

9.7 ng/L (ERL, 
water); 0.011 
ȉg/kg (ERL, 
sediment) (Van 
Wezel and Van 
Vlaardingen, 
2004).  

Frequently used in  the past 
on yachts <25 m in Greece 
and Netherlands. No longer 
approved, although some 
may be in the supply chain 
(ACE, 2002).  
No strong estrogenic re-
sponse (ACE, 2002). Strong 
toxic effects on teleost spe-
cies in early life stages and 
teratogenic propertie s, but 
there are no data on the tox-
icity to marine organisms. 
Thus, additional data on the 
toxic effects as well as its oc-
currence in the marine envi-
ronment are needed (Mo-
chida and Fujii, 2009a, b).  

MEC: Measured environmental concentrations; PEC: Predicted environmental concentrations; dwt: dry weight; wwt: wet weight; LOD: Limit of detection.  
Log Kow (log octanol/water partition coefficient) reflects the chemical's tendency to bioaccumulate in organisms.  
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BCF (Bioconcentration Factor) reflects the  extent to which pollutants concentrate from water into aquatic organisms.  
EC10: Effective Concentration of a toxic substance at 10% inhibition; EC50: Median effective concentration; LC50: Median leth al concentration; LOEC: Lowest observed effect 
concentra tion; NOEC: No effect concentration; PNEC: Predicted no effect concentration.  
ERLs: Environmental risk limits; EQS: Environmental quality standards; AA: Annual average; MAC: Maximum allowable concentrati on; SQG: Sediment quality guidelines.  
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3.3  MARI CULTURE  

Aquaculture is one of the pillars of both the  Common Fisheries Policy and the Blue Growth 

agenda of th e European Commission 36 . Although significant  efforts  are being  made to pro-

mote  sustainable aquaculture , th e fast  development  of this sector m ay  also have some 

adverse effects on  the surrounding environment . Several  chemicals  such as antibiotics, 

pesticides and antifoulants are commonly utilized  by f armers  in order  to control disease, 

parasites and algae (Guardiola et  al., 2012). Tornero and Hanke ( in press ) identified 66 

chemicals potentially released from marine aquaculture activities , including medicinal 

products  (antibiotics, parasitic ides,  anaesthetics and disinfectants) , food additives and con-

taminants , and antifouling biocides . Despite  the fact  many of these substances  may affect  

non - target organisms , there are few data on the quantities applied  and  the ir  levels and 

effects on the aquatic environment . Co nsequently, recent reviews have recognized the  

chemical inputs from aquaculture activities as an area requiring further research (Burridge 

et al., 2010; Grigorakis and Rigos, 2011).  

3.3.1  Medicin al products  

Fish farmers must have access to a variety of properly authorized medicines to ensure 

animal health and consumer safety . The European Commission addresses this issue by 

establishing  and  periodically review ing  Maximum Residue Levels (MRL) for all food and 

animal feed. An MRL is defined as the maximum concentration of residue resulting from 

the use of a veterinary medicinal product that may be accepted to be legally permitted or 

recognized as acceptable on a food (EC, 1990). These MRLs are listed in Table 1 of Com-

miss ion  Regulation (EU) No. 37/2010 37 .  

The setting of an MRL is only a preliminary step towards achievement of full marketing 

authorization . The requirement to carry out an assessment of the environment safety of 

any  veterinary medicinal product was in troduced by Directive 92/18/EC 38 .  The Veterinary 

Medicinal Products Directive 2001/82/EC 39  (as amended )  introduced mandatory risk as-

sessments for all new and renewal authorizations for medicines used in mariculture and is 

applicable in all European Member States. The regulatory framework for veterinary medi-

cines in the EU and, in particular how it affects their use in aquaculture, is well  described 

by Alderman (2009).  

I n European marine aquaculture , t he number of medicinal products fully authorized and 

approved fo r use is limited because of the high cost of development and licensing for a 

small market relative to other markets for pesticides and medicinals. Furthermore,  the list 

of pharmaceuticals licensed varies a lot among countries . Interestingly , third countries 

exporting products into the EU are also required to comply with these regulations. Never-

theless , it seems  that many  compounds are  still legally available  and even if  not fully 

                                                           

36  http://ec.europa.eu/fisheries/cfp/aquaculture/index_en.htm  
37  Commission Regulation (EU) No 37/201 0 of 22 December 2009 on pharmacologically 

active substances and their classification regarding maximum residue limits in foodstuffs 

of animal origin. http://ec.europa.eu/health/veterinary -use/maximum -residue - limits/de-

velopments_en.htm  
38  Commission directi ve 92/18/EEC of 20 March 1992 modifying the Annex to Council Di-

rective 81/852/EEC on the approximation of the laws of Member States relating to analyt-

ical, pharmacotoxicological and clinical standards and protocols in respect of the testing 

of veterinary m edicinal products. http://eur - lex.europa.eu/legal -con-

tent/EN/TXT/PDF/?uri=CELEX:31992L0018&from=EN  
39  Directive 2001/82/EC of the European parliament and of the council of 6 November 

2001 on the Community code relating to veterinary medicinal products. http ://ec.eu-

ropa.eu/health/files/eudralex/vol -5/consol_2004/dir_2001_02 -dir_2004_28 -cons_en.pdf  
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licensed, they can be used  on an off - label basis (Daniel, 2009 ; Rodgers and Furones, 

2009).  

Antibiotics commonly used in marine aquaculture are  oxytetracycline, oxolinic acid and 

flumequine, although the pattern of medicinal use is continually changing (Marine Institute 

for SWRBD, 2007). Concerns about  the use of an tibiotics are numerous . Antibacterial 

drugs may persist in water and sediments, sometimes long after their use has ceased, 

which can lead to the contamination of indigenous, non - target organisms (Grigor akis and 

Rigos, 2011; Samuelsen et al., 2014). Furthermore, antibiotics in medicated fish feed have 

the potential to induce drug resistance in microbial and other wild populations. Evidence 

suggests that these antibiotic - resistant organisms in the marine environment will, in turn, 

pass their antibiotic  resistance genes to other bacteria includ ing human and animal path-

ogens (Burridge et al., 2010). Nevertheless, adequate field studies regarding the effects 

of chemicals of aquaculture origin are almost lacking, especially for those species which 

are consu med extensively only in some European countries (Lucchetti et al., 2004).  

Antiparasitic agents habitually u tilized  include  pyrethroids (e.g.  cypermethrin and del-

tamethrin ) , organophosphates (e.g.  azamethiphos ),  benzamide and avermectins (e.g.  

flubenzurons  and emamectin benzoate )  (Olsvik et al., 2014; Samuelsen et al., 2014).  

Most common anaesthetic agents are  benzocaine,  quinaldine and tricaine methanesulpho-

nate (MS -22 2) (GESAMP, 1997; Costello et al., 2001). They are seldom used and in low 

quantities , so no great environmental damage is expected from their application , although 

little is known about  their  tolerance and related  behavioral responses by fish ( Burridge et 

al., 2010 ; Readman et al., 2013).  

Formalin and iodophors are the main  disinfectants used in aquaculture  in Europe  (Costello 

et al., 2001). Disinfectant formulations often contain surfactants of which the actual com-

pounds used may not be listed on the label. Some of these compounds may have negative 

effects  on  marine organisms. Nevertheles s, there are very few data available concerning  

the levels  and effects of disinfectants in the marine environment and there seem  to be no 

regulations in place to control  their use (Burridge et al., 2010).  

The t able 6 presents  information on  the main medicinal products used  in the marine aq-

uaculture industry .  
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Table 6 . Summary of main medicinal products used in the marine aquaculture industry  (as published by Tornero and Hanke , in press, supple me ntary material ) . 

Substance  Concentrations in  
marine aquaculture  

environments  

Bioaccumulation  
Bioconcentration  

 

Toxicity in the  
marine environment  

PNEC  for the 
marine  

environment  

Quality  
benchmarks  

Remarks  

Antibiotics  

Amoxicillin  
(2S,5R,6R) -6- [[(2R) -
2-amino -2- (4 -hy-
droxyphenyl)ace-
tyl]amino] -3,3 -dime-
thyl -7-oxo -4- thia -1-
azabicy-
clo[3.2.0]heptane -2-
carboxylic acid  

 Log Kow = ī0.12 
(Martínez Bueno et 
al., 2009).  
Log Kow = 0.91 
(Muñoz et al., 
2010).  

Algae:  
EC50 = 3108 mg/L 
(Rhodomonas salina ) 
(Lützhøft et al., 1999).  
Did not exert toxic ef-
fects on  Phaeodacty-
lum tricornutum and 
Isochrysis galbana  (de 
Orte et al., 2013).  

 50 ȉg/kg (MRL, 
fin fish muscle 
plus skin in nat-
ural propor-
tions).  

Used in aquaculture for 
many years in Japan and in 
the UK since 1990. Used in 
other European countries 
like Italy. Typical dosage in 
aquaculture is 80 -160 mg 
active ingredient/kg fish 
day, for a standard period of 
10 days.  
Very limited studies availa-
ble on its pharmacokinetics 
and residue depletion. No ef-
fective against vibriosis and 
motile aeromonads are in-
herently resistant. Because 
of this and its relatively high 
cost, is rarely used now in 
aquaculture (GESAMP, 
1997; Marine Institute for 
SWRBD, 2007).  
Very short environmental 
half - life (hours). Environ-
me ntal concerns with re-
spect to persistence of the ȁ-
lactam group of antibiotics 
are minimal (Armstrong et 
al., 2005).  

Chloramphenicol  
2,2 -dichloro -N- [1,3 -
dihydroxy -1- (4 -nitro-
phenyl)propan -2-
yl]acetamide  

MEC:  
Biota:  0.23 -0.83 ȉg/kg wwt, 
mean value 0.57ȉg/g wwt 
(fish muscle, Sicilian aqua-
culture plant) (Conti et al., 
2015).  

 Algae:  
96h EC50 = 41 mg/L 
( Isochrysis galbana ); 
4 mg/L ( Tetraselmis 
chui ) (Lai et al., 2009).  
Invertebrates:   

24h LC50 = 2042 mg/L 
(Artemia salin a) (Box-
all et al., 2002).  

 MRL cannot be 
established 
(prohibited sub-
stance).  

Banned in Europe, but its 
use continues in other coun-
tries.  
The major environmental 
hazard is its potential to in-
crease drug resistance 

(GESAMP, 1997). Serious 
toxic effects in hu mans in 
the form of bone marrow de-
pression, particularly severe 
in the form of fatal aplastic 
anaemia (Evaggelopoulou 
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and Samanidou, 2013). Ille-
gal uses are still being re-
ported (Lai et al., 2009; 
Conti et al., 2015).  

Enrofloxacin  
1-cyclopropyl -7- (4 -
ethy lpiperazin -1-yl) -
6- fluoro -4-oxo -1,4 -

dihydroquinoline -3-
carboxylic acid  

MEC:  
Water:  not detected (LOD = 
0.07 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 

et al., 2009).  
Biota:  not detected (< 0.1 
ȉg/Kg wwt)-0.25 ȉg/kg 
wwt, mean value 0.14 ȉg/g 
wwt (fish muscle, Sicilian 
aquaculture plant) (Conti et 
al., 2015).  

Log Kow = 1.10 
(Martínez Bueno et 
al., 2009).  

  100 ȉg/kg 
(MRL, sum of 
enrofloxacin 
and ciprofloxa-

cin, fin fish 
muscle plus skin 
in natu ral pro-
portions).  

Widely used in Europe, Asia 
and Latin America.  
Like all fluoroquinolones, it 
strongly sorbs to sludge, soil 

or sediment, and therefore 
to determine its presence in 
the environment, both bot-
tom water and sediment 
samples should be analyze d 
(Borecka et al., 2015).  
Few available studies on its 
potential deleterious effects 
on aquatic organisms. It 
causes very small changes in 
the oxidative stress status of 
shrimps (Tu et al., 2008).  

Erythromycin 
(3R,4S,5S,6R,7R,9R,
11R,12R,13S,14R) -
6-  
{[(2S ,3R,4S,6R) -4-
(dimethylamino) -3-
hydroxy -6-
methyloxan -2-
yl]oxy} -  
14 -ethyl -7,12,13 - tri-
hydroxy -4-
{[(2R,4R,5S,6S) -  
5-hydroxy -4-meth-
oxy -4,6 -dime-
thyloxan -2-yl]oxy} -  
3,5,7,9,11,13 -hexa-
methyl -1-oxacyclo-
tetradecane -2,10 -di-
one  

MEC:  
Water:  0.01. -0.03 ng/L (fish 
farm, southeast Spain) 
(Martínez Bueno et al., 
2009); 1.10 -50.9 ng/L (vi-
cinity of oyster bases and 
shrimp farms of China); 4.7 -
1900 ng/L (harbor in Hong 
Kong); <4 ng/L (UK estuar-
ies) (Zheng et al., 2012).  
PEC:  
Fish farm, southeast Spain:  
0.0073 ng/L (water); 
3.3x10 -7 mg/Kg wwt (fish) 
(Muñoz et al., 2010).  

Log Kow = 1.98 
(Martínez Bueno et 
al., 2009).  
Log Kow = 3.06 
(Muñoz et al., 
2010).  
BCF = 45.31 
(Muñoz et al., 
2010).  

Invertebrates:   
48 hr NOEC <10 mg/L 
(Artemia ) (Boxall et 
al., 2002).  
2d NOEC = 4.9 mg/L 
(Penaeus vannamei ) 
(Muñoz et al., 2010).  
Fish:   
Low acute toxicity in 
yellowtails (LD50 > 
2g/kg). No abnormali-
ties noted at repeated 
doses of 100 
mg/kg/day for 10 days 
(Armstrong et al., 
2005).  
 

Water:  0.02 
ȉg/L (Mu¶oz et 
al., 2010).  

200 ȉg/kg 
(MRL, fin fish 
muscle and skin 
in natural pro-
portions).  

Not licensed for use in aqua-
culture in Europe but used 
elsewhere. Typical dosage in 
aquaculture is 50 -100 mg 
active ingredient/kg fish 
day, for approximately 21 
days.  
The environmental effec ts 
may be more related to an-
tibiotic resistance than to 
persistence since the ether 
linkages within the mole-
cules will be susceptible to 
reduction or oxidation by 
physicochemical or biologi-
cal processes (Armstrong et 
al., 2005).  

Florfenicol  
2,2 -dichloro -N-
[(1R,2S) -3- fluoro -1-
hydroxy -1- (4 -me-
thanesul-
fonylphenyl)propan -
2-yl]acetamide  

PEC:  
0.0035 ȉg/L (water); 224 
ȉg/kg (fish) (Marine Insti-
tute for SWRBD, 2007).  

 Algae:  
72h IC50 = 11.31 
mg/L ( Tetraselmis 
chuii , growth).  
96h IC50 = 6.06 mg/L 
(Tetraselmis chuii , 

 1000 ȉg/kg 
(MRL, sum of 
florfenicol  
and its metabo-
lites  
measured as  

Authorized in many coun-
tr ies for use in aquaculture, 
including Japan, Canada, 
Norway and UK. Typical dos-
age is 10 -30 mg active in-
gredient/kg fish day, usually 
10 days.  
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growth) Ferreira et al., 
2007).  
96h EC50 = 8 mg/L 
( Isochrysis galbana ); 
1.3 mg/L ( Tetraselmis 
chui ) (Lai et al., 2009).  
Invertebrates:  
Did not cause mortality 
of Artemia partheno-
genetica  after 24h of 
exposure, and only 
30% of mortality was 
recorded aft er 48 h of 
exposure to the high-
est concentration 
tested (889 mg/L) 

(Ferreira et al., 2007).  
 

florfenicola-
mine, fin fish 
muscle and skin 
in natural pro-
portions).  

Not known to be significantly 
bioaccumulated (Marine In-
stitute for SWRBD, 2007). 
Degrades rapidly in the sed-
imen t with a half - life of 4.5 
days and displays low tox-
icity to aquatic organisms 
(Marine Institute for 
SWRBD, 2007; Ferreira et 
al., 2007). However, it pre-
sents a serious environmen-
tal concern in terms of in-
duction of resistance (Arm-
strong et al., 2005). More o-
ver, recent research sug-
gests that water -borne 

pharmaceutical mixtures as 
low as ng/L levels may still 
have potential risks to 
aquatic life (Lai et al., 2009). 
Despite their wide use, its 
toxicity to marine algae and 
invertebrates has been 
scarcely invest igated and 
the need for more studies on 
long - term and mixture ef-
fects has been pointed out 
(Ferreira et al., 2007).  

Flumequine  
7- fluoro -12 -methyl -
4-oxo -1-azatricy-
clo[7.3.1.05,13]tride
ca-2,5,7,9(13) - tet-
raene -3-carboxylic 
acid  

MEC:  
Water:  0.13 ng/L (fish farm, 
southeast Spain) (Martínez 
Bueno et al., 2009).  
Sediment:  not detected 
(<0.012 ȉg/Kg dwt)-578.8 
ȉg/kg dwt (sea-bass farms, 
Italy) (Lalumera et al., 
2004).   
Biota:  0-1.12 ȉg/g (wild fish 
muscle, vicinity of fish farms 
in Norway) (Ervi k et al., 
1994).  
PEC:  
Fish farm, southeast Spain:  
0.011 ng/L (water); 3.5x10 -

8 mg/Kg wwt (fish) (Muñoz 
et al., 2010).  

Log Kow = 1.60 
(Martínez Bueno et 
al., 2009).  
BCF = 3.162 
(Muñoz et al., 
2010).  

Algae:  
EC50 = 18 mg/L ( Rho-
domonas salina ) (Lütz-
høft et al., 1999).      
Invertebrates:    
24h LC50 = 477 mg/L 
(Artemia salina ).  
48h LC50 = 308 mg/L 
(Artemia salina ).  
72h LC50 = 96 mg/L 
(Artemia salina ) 
(OSPAR, 2009a).  
EC50 = 31.0 mg/L ( Pa-
racentrotus lividus , 
embryo) (Carballeira 
et al., 2012).  

Water:  1.59 
ȉg/L (OSPAR, 
2009a); 
0.00032 mg/L 
(Muñoz et al., 
2010).  

600 ȉg/kg 
(MRL, fin fish 
muscle and skin 
in natural pro-
portions).  

Widely used in aquaculture 
in Europe, Japan and other 
countries in  Asia and Latin 
America. Typical dosage is 1 
g/100 kg fish day, for 10 
days.  
Potential to accumulate in 
aquatic environments (Arm-
strong et al., 2005). High ef-
ficacy and relatively low tox-
icity (Armstrong et al., 
2005). Research studies 
suggest that, apart from 
peak concentrations follow-
ing treatments, the chronic 
presence of flumequine in 
sediments inside and out-
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3d EC50 = 96.35 mg/L 
(Artemia sp .) (Muñoz 
et al., 2010).  

side farms must be consid-
ered (Lalumera et al., 
2004).  

Nalidixic acid  
1-ethyl -7-methyl -4-
oxo - [1,8]naphthy-
ridine -3-carboxylic 
acid  

     Commonly used in the aqua-
culture industry.  
Parent compound of the 
quinolone antibiotic class 
and has a narrow antibacte-

rial spectrum (Van Doorslaer 
et al., 2014). Potential to ac-
cumulate in aquatic environ-
ments. High efficacy and rel-
atively low toxicity (Arm-
strong et al., 2005).  

Oxolinic acid  
5-ethyl -8-oxo -5,8 -di-
hydro[1,3]diox-
olo[4,5 -g]quinoline -
7-carboxylic acid  

MEC:  
Water:  not detected (LOD = 
0.03 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009).  
Sediment:  0.05 -0.2 µg/g 
(maximum concentrations 
found below fish farms in the 
southwest coast of Finland) 
(Boxall et al., 2002),  
Biota:  4.38 ȉg/g and 0.42 
ȉg/g (mean in wild fish mus-
cle caught within 400 m of 
two farms, with maximum 
concentration of 12.51 ȉg/g 
in coalfish); 0.02 -3.77 ȉg/g 
(maximum conce ntrations in 
crab muscle); 0.05 -1.48 
µg/g (homogenised tissue 
from mussels) (vicinity of 
fish farms in Norway) (Sam-
uelsen et al., 1992); 0.58 -
4.89 µg/g (mean in wild fish 
muscle, with maximum con-
centration of 15.74 ȉg/g in 
saithe) (vicinity of fish farms 
in Norway) (Ervik et al., 
1994).  

Log Kow = 0.94 
(Martínez Bueno et 
al., 2009).  

Algae:  
EC50 = 10 mg/L ( Rho-
domonas salina ) (Lütz-
høft et al., 1999).      
 

Water:  0.42 
ȉg/L (OSPAR, 
2009a);  

100 ȉg/kg 
(MRL, fin fish 
muscle and skin 
in natural pro-
portions).  

Widely  used in Europe, Ja-
pan and other countries in 
Asia and Latin America. Typ-
ical dosage is 1 g/100 kg fish 
day, for 10 days.  
Potential to accumulate in 
aquatic environments. High 
efficacy and relatively low 
toxicity (Armstrong et al., 
2005). Found to be very per-
sistent in sediments. In the 
deeper layer of the sediment 
hardly any degradation oc-
curred after 180 days and a 
calculated half - life of more 
than 300 days was esti-
mated. The residues in the 
top layer of the sediment 
disappeared more rapidly 
(OSPAR, 2009a ).  
 

Oxytetracycline  
2-naphthacenecar-
boxamide, 4 - (dime-
thylamino) -

MEC:  Log Kow = ī2.07 
(Martínez Bueno et 
al., 2009).  

Algae:  
EC50 = 1.6 mg/L 
(Rhodomonas salina ) 
(Lützhøft et al., 1999).      

 100 ȉg/kg 
(MRL, sum of 
parent drug and 
its 4 -epimer, fin 

Probably the most widely 
used antibiotic in  aquacul-
ture. Typical dosage is 50 -
125 mg active ingredient/kg 
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1,4,4a,5,5a,6,11,12a
-octahydro -
3,5,6,10,12,12a -hex-
ahydroxy -6-methyl -
1,11 -dioxo - , [4S -(4 
alpha,4a alpha,5 al-
pha,5a alpha,6 
beta,12a alpha)]  

Water:  not detected  (LOD = 
0.60 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009).  
Sediment:  not detected 
(<0.061 ȉg/Kg dwt)-4.2 
ȉg/kg dwt (sea-bass farms, 
Italy) (Lalumera et al., 
2004); <10 -240 ȉg/g (Arm-
strong et al., 2005); not de-
tected (< 1 ȉg/g)-19000 
ȉg/kg dwt (beneath Atlantic 
salmon farms) (Mayor et al., 
2008).  
Biota:  present in oysters, 
crabs and benthic macro - in-

vertebrates near salmon 
farms in British Columbia, 
with maximum of 3.8 ȉg/g 
wwt in rock crab (Armstrong 
et al., 2005); 0.1 -12.5 ȉg/g  
(tissues of wild mussels, 
crabs, a nd fish in the adja-
cent areas of farming sites 
outside the Mediterranean) 
(Grigorakis and Rigos, 
2011).  

96h IC50 = 11.18 
mg/L ( Tetraselmis 
chuii , growth) (Fer-
reira et al., 2007).  
Invertebrates:    
24h LC50 = 0.16 mg/L  
(Panneus vannamei ) 
(Boxall et al., 2002); 
871 mg/L ( Artemia 
parthenogenetica ) 
(Ferreira et al., 2007).                                               
48h LC50 = 0.16 -
0.2384 mg/L  
(Panneus vannamei ) 
(Boxall et al., 2002); 
806 mg/L ( Artemia 

parthenogenetica ) 
(Ferreira et al., 2007).                                               
10d LC50 = 414 ȉg ac-
tive ingredient/kg wet 
sediment ( Corophium 
volutator ) (Mayor et 
al., 2008 ).  
Fish:  
LD50 >4000 mg/kg 
(Armstrong et al., 
2005).  
 

fish muscle and 
skin in natural 
proportions).  
2 ȉg/ g (US FDA 
guideline for 
seafood) (US 
FDA, 2013).  

fish day, for a 4 ï10 day 
treatment period.  
The ultimate sink for this 
compound seems to be in 
dissolved and particle -asso-
ciated phases in the water 
column (Armstrong et al., 
2005). It can persi st for rel-
atively long periods in sedi-
ments (half - lives in marine 
sediments were found to be 
151 days in the top layer, 0 -
1 cm, and more than 300 
days at 5 -7 cm deep). It also 
persists in fish tissues. It has 
a low bioavailability when 

administered orally and im-
munosuppressive effects on 
fish and may cause liver 
damage. Furthermore, a 
high incidence of bacterial 
resistance has been ob-
served. For these reasons it 
has being increasingly re-
placed by other drugs (Fish-
eries and Oceans Canada, 
2003; Ferreira et a l., 2007).  

Piromidic acid  
8-ethyl -5-oxo -2-pyr-
rolidin -1-yl -5,8 -dihy-
dropyrido[2,3 -d]py-
rimidine -6-carboxylic 
acid  

     Commonly used in the aqua-
culture industry.  
Potential to accumulate in 
aquatic environments. High 
efficacy and relatively low 
toxicity (Armstrong et al., 
2005).  

Sarafloxacin  
6- fluoro -1- (4 -fluoro-
phenyl) -4-oxo -7-pi-
perazin -1-ylquino-
line -3-carboxylic acid  

 Log Kow = -0.67 
(Van Doorslaer et 
al., 2014).  

Algae:  
EC50 = 24 mg/L ( Rho-
domonas salina ) 
(Boxall et al., 2002).  
 

 30 ȉg/kg (MRL, 
Salmonidae 
muscle and skin 
in natural pro-
portions).  

Widely used in Europe, Ja-
pan and other countries in 
Asia and Latin America. Typ-
ical dosage is 10 mg active 
ingredient/kg fish day, for a 
period of 5 days.  
Very persistent in sediments 
with half - life highe r than 80 
days. Rapidly photode-
graded in water with half - life 
<1h.  
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Assigned to the óhighest riskô 
category with respect to the 
relative potential for veteri-
nary medicines tocause 
harm (Boxall et al., 2002).  

Sulfadiazine  
4-amino -N-
pyrimidin -  2-yl -

benzenesulfonamide  

MEC:  
Water:  not detected -3.41 
ng/L (vicinity of oyster bases 

and shrimp farms of China) 
(Zheng et al., 2012).  

Log Kow = -0.09 
(Drugbank, 2013).  

Algae:  
EC50 = 403 mg/L 
(Rhodomonas salina ) 

(Lützhøft et al., 1999); 
0.11 mg/L ( Phaeodac-
tylum tricornutum ); 
1.44 mg/L ( Isochrysis 
galbana ) (de Orte et 
al., 2013).   
Invertebrates:   
EC50 = 12.7 mg/L  (Ar-
bacia lixula , embryo) 
(Carballeira et al., 
2012).  
 

 100 ȉg/kg 
(MRL, Salmon-
idae muscle and 

skin in natural 
propor - tions).  

Typical dose f or sulfadia-
zine: trimethoprim (in a 5:1 
ratio) is 30 -75 mg/kg, for 5 ï

10 days.  
The environmental implica-
tions of release of this type 
of antibiotic into the envi-
ronment are unknown (Arm-
strong et al., 2005). How-
ever, given its broad spec-
trum and the fact tha t may 
be degraded slowly, it may 
affect bacteria of the marine 
sediments and fish patho-
gens selecting for resistance 
(Burridge et al., 2010). It is 
more persistent than trime-
thoprim, with which it is 
commonly combined (Ma-
rine Institute for SWRBD, 
2007).  

Sulfathiazole  
4-amino -N-(1,3 - thia-
zol -2-yl)benzenesul-
fonamide  

 Log Kow = 0.05 
(Leston et al., 
2014).  

   Exhibits high stability in sea-
water. The effects to non -
target organisms may in-
clude changes in growth 
rate, reproduction and even 
lethal toxicity. It is not ex-
pected that the tested 
prophylactic and therapeutic 
concentrations will have a 
severe impact on macroalgal 
growth in the concentrations 
usually reported for environ-
mental waters, which are in 
the ng/L to ȉg/L range 
(Leston et al., 2014).  

Sulfamethox azole  
4-amino -N-(5 -me-
thylisoxazol -3-yl) -
benzenesulfonamide  

MEC:  
Water:  not detected (LOD = 
0.02 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009); not detected -

Log Kow = 2.44 
(Martínez Bueno et 
al., 2009).  

   Commonly used in human 
medicine.  
Marine bacteria are affected 
by chronic exposure, while 
acute tests using the marine 
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10.4 ng/L (vicinity of oyster 
bases and shrimp farms of 
China); not detected -47.5  
ng/L (harbor, Hong Kong); 
<20 ng/L (UK estuaries) 
(Zheng et al., 2012).  
 

Log Kow = 0.89 
(Johansson et al., 
2014).  

bacterium Vibrio fischeri  
(EC50 >395 nmol/L) fail to 
detect any toxicity. This un-
derlines the need for evalu-
ating the environmental 
hazards of antibiotics in 
chronic assay s. Conclusions 
on the risks for the marine 
environment are hampered 
by the paucity of actual 
monitoring data, in particu-
lar there are no data pub-
lished for European coastal 
environments (Johansson et 
al., 2014).  

Trimethoprim  
5- (3,4,5 - trimethox-
ybenzyl)pyri midine -
2,4 -diamine  

MEC:  
Water:  0.03 ng/L (fish farm, 
southeast Spain) (Martínez 
Bueno et al., 2009); 0.23 
ng/L (fish farm, southeast 
Spain) (Muñoz et al., 2010); 
not detected -3.37 ng/L (vi-
cinity of oyster bases and 
shrimp farms of China); 2.6 -
216 ng/L (har bor, Hong 
Kong); <4 -569 ng/L (UK es-
tuaries) (Zheng et al., 
2012).  
PEC:  
Fish farm, southeast Spain:  
0.2 ng/L (water); 6.3x10 -8 
mg/Kg wwt (fish) (Muñoz et 
al., 2010).  

Log Kow = 1.36 
(Martínez Bueno et 
al., 2009).  
Log Kow = 0.91 
(Muñoz et al., 
2010).  
BCF = 3. 162 
(Muñoz et al., 
2010).  

Algae:  
EC50= 16 mg/L ( Rho-
domonas salina ) (Lütz-
høft et al., 1999).         

Water:  0.016 
mg/L (Muñoz et 
al., 2010).  

50 ȉg/kg (MRL, 
fin fish muscle 
and skin in nat-
ural propor-
tions).  

One of the most widely used 
antibiotics in aquaculture 
(synergistically in combina-
tion with sulphonamides). 
Typical dose for sulfadia-
zine: trimethoprim (in a 5:1 
ratio) is 30 -75 mg/kg d, for 
5-10 days.  
The environmental implica-
tions of release of this type 
of antibiotic into the envi-
ronment are unk nown (Arm-
strong et al., 2005). How-
ever, given its broad spec-
trum and the fact that may 
be degraded slowly, it may 
affect bacteria of the marine 
sediments and fish patho-
gens selecting for resistance 
(Burridge et al., 2010).  

Bactericides  

Bronopol  
2-bromo -2-nitropro-

pane -1,3 -diol  

MEC:  
Not detected in water (LOD 

= 0.05 ȉg/L), sediment 
(LOD = 10 -17 ȉg/Kg dwt) or 
fish (LOD = 10 ȉg/Kg fwt) 
from Swedish environment 
(Remberger et al., 2006).  

Log Kow = -0.64.  
BCF = 3.2 

(Remberger et al., 
2006).  

 Water:  0.78 
ȉg/L (Rem-

berger et al., 
2006); 5.90 
ȉg/L (OSPAR, 
2009a).  

MRL not re-
quired.  

 
 

The European Agency for 
Evaluation of Medicinal Prod-

ucts (EMEA) enrolls bronopol 
as a safe chemical for aqua-
culture and it has been used 
in European countries. Typi-
cal dosag e in aquaculture is 
50 -500 mg/L.  
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It is moderately to highly 
toxic to estuarine/marine in-
vertebrates and slightly 
toxic to estuarine/marine 
fish. It undergoes rapid hy-
drolysis and biodegradation, 
which could explain its ab-
sence in environmental 
samples (Rem berger et al., 
2006).  

Malachite green  
[4 - [alpha - [4 - (dime-
thylamino)phe-
nyl]benzylidene]cy-
clohexa -2,5 -dien -1-
ylidene]dime-
thylammonium chlo-
ride  

MEC:  
Water:  not detected (LOD = 
0.02 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009).  
Biota:  Detectable levels, al-
beit at very low concentra-
tions in edible tissues of free 
ranging wild eels in Ger-
many (Burridge et al., 
2010); not detected (<0.2 
ȉg/Kg wwt)-1.21 ȉg/kg 
wwt, mean value 0.48 ȉg/g 
wwt (fish muscle, Sicilian 
aquaculture plant) (Conti et  
al., 2015).  

Log Kow = 3.50 
(Martínez Bueno et 
al., 2009).  

  0.5 ȉg/L (UK 
AA-EQS, interim 
guideline); 100 
ȉg/L (UK MAC-
EQS, interim 
guideline) 
(SEPA, 2014).  
Zero tolerance 
level for food 
fish is in place in 
most countries 
(Burridge et al., 
2010).  

Banned fr om use in EU and 
US aquaculture because die-
tary exposure highlighted 
significant mutagenic and 
carcinogenic effects in rat. It 
and its metabolite leuco-
malachite green are sus-
pected of being capable of 
causing gene damage and 
cancer. Despite its use has 
bee n banned, several re-
ports identify instances of 
misuse in aquaculture inter-
nationally (Conti et al., 
2014). It hsa been also sug-
gested that it may be a ubiq-
uitous contaminant in indus-
trialized areas and calls into 
question the ability to en-
force zero toler ance guide-
lines (Burridge et al., 2010).  

Parasiticides - Bath treatment  

Azamethiphos  
6-chloro -3- (di-
methoxyphosphor-
ylsulfanylmethyl) -
[1,3]oxazolo[4,5 -
b]pyridin -2-one  

MEC:  
Not detected (< 50 pg/L) in 
water from a salmon farm-
ing area in Canada (Haya et 
al., 2005).          

Log Kow = 1.05 
(Fisheries and 
Oceans Canada, 
2003).  

Invertebrates:   
48h LC50 = 3.57 -1.39 
ȉg/L (Homarus ameri-
canus , larval/adult) 
(Fisheries and Oceans 
Canada, 2003).  

24h L C50 > 10 ȉg/L 
(Temora longicornis) 
(Haya et al., 2005); 
8.9 ȉg/L (Homarus 
americanus , stage I); 
2.8 ȉg/L (Homarus 
americanus , adult); 
191 ȉg/L (Crangon 

 MRL not re-
quired.  
250 ng/L (3h 
SEPA AA-EQS); 
150 ng/L (24h 
SEPA MAC-

EQS); 40 ng/L 
(72h SEPA 
MAC-EQS) 
(SEPA, 2014).  
 

Used in the UK. Typical dos-
age in aquaculture is 0.1 -0.2 
mg/L for 60 minutes.  
Unlikely to accumulate in tis-
sues (Fisheries and Oceans 
Canada, 2003) or in sedi-

ments (Haya et al., 2005). It 
decom poses by hydrolysis in 
natural water with a half - life 
of 8.9 days. Dispersion stud-
ies indicated that after re-
lease of an experimental 
treatment, the concentra-
tion was below detection 
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septemspinosa ); 12.5 
ȉg/L (Mysid sp .) (Bur-
ridge et al., 2014).  
96h LC50 = 0.5 ȉg/L 
(Homarus gammarus , 
larvae); 0.52 ȉg/L 
(Mysidopsis bahia ) 
(Haya et al., 2005).  
10d LC50 = 182 ȉg ac-
tive ingredient/kg wet 
sediment ( Corophium 
volutator ) (Mayor et 
al., 2008).  
120min NOEC = 1 ȉg/L 
(lobster, larval/adult).  
 

(0.1 ȉg/L) in a short period 
of time (hours) (Burridge et 
al., 2014).  
Hig hly toxic to crustaceans 
and many marine inverte-
brates; its effects on fish are 
less well characterized (PAN 
pesticide database, 2014). 
No negative effect on sur-
vival of non - target organ-
isms except when held 
within the treatment cage 
(Burridge et al., 2010 ).  

Cypermethrin  
[Cyano -(3 -phenoxy-
phenyl)methyl]3 -
(2,2 -dichloroe-
thenyl) -2,2 -dime-
thylcyclopropane -1-
carboxylate  

MEC:  
Water: decreases rapidly on 
release from a cage site af-
ter treatment: 187 ng/L 
(highest concentration, 25 
min after release at 25 m); 
> 0.031 ng/L (up to 50 min 
after release); >0.074 ng/L 
(up to 30 min) (Haya et al., 
2005).  
Sediment:  not detected -7 
ȉg/Kg dwt (beneath Atlantic 
salmon farms) (Mayor et al., 
2008); not detected -0.15 
ȉg/kg dwt (Scottish marine 
fish farms) (BIO Intelligence 
Ser vice, 2013).  
Biota:  133 ȉg/g (mussels 
exposed inside a treated 
cage at 5 ug/L); 9.2 ng/g 
(mussels at 2 m from cages 
after seven treatments); oc-
casionally detectable (100 m 
from the cage) (Haya et al., 
2005).  

Log Kow = 6.6 
(Mayor et al., 
2008).  

Invertebrate s:   
96h LC50 = 0.016 ȉg/L 
(Palaemonetes pugio ); 
0.016ȉg/L (Crangon 
septemspinosa ); 0.04 
ȉg/L (Homarus ameri-
canus ); 0.005 -0.056 
ȉg/L (Americamysis 
bahia ).  
24h LC50 = 0.14 ȉg/L 
(Homarus americanus , 
adult).  
48h EC50 = 2.3 mg/L 
(oyster, larval devel-
opment) (Ha ya et al., 
2005).  
10d LC50 = 5 ȉg active 
ingredient/kg wet sed-
iment ( Corophium 
volutator ) (Mayor et 
al., 2008).  
Fish:  
96h LC50 =2 ȉg/L 
(Salmo salar ); 1 ȉg/L 
(Cyprinodon variega-
tus ) (Haya et al., 
2005).       

Water:  0.016 
ȉg/L (OSPAR, 
2009a).  

50 ȉg/kg (MRL, 
Salmonidae 
muscle and skin 
in natural pro-
portions, sum of 
isomers).  
8x10 -6ȉg/L 
(WFD AA -EQS); 
6x10 -5 ȉg/L 
WFD MAC -
EQS).  
0.05 ng/L (SEPA 
AA-EQS); 16 
ng/L (3h SEPA 
MAC-EQS); 0.5  
ng/L (24h SEPA 
MAC-EQS) 
(SEPA, 2014).  
 

Applied in Europe, relatively 
more often in countries like 
Scotland. Typical dosage in 
aquaculture is 5 µg/L for 60 
minutes.  
Weakly antiestrogenic and 
antiandrogenic. It may de-
grade to produce oestro-
genic residues (Costello et 
al., 2001).  
Unlikely to be accumulated 
to a significant degree in fish 
and aquatic food chains 
since it is rapidly metabo-
lized. However, it can persist 
in sediments for weeks and 
may be desorbed and affect 
benthic invertebrates.  
Large amount of ecotoxico-
logical data for freshwater 
environments, but limited 
knowledge for marine spe-
cies. Field studies indicated 
that it is lethal to lobsters 
and some planktonic crusta-
ceans, but not to mussels, 
sea urchins or planktonic co-
pepods (Haya et al., 2005). 
Although showed an imme-
diately reduction of plankton 
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density and diversit y in lab 
studies, in open systems 
concentrations are expected 
to drop quickly and that 
plankton migration and im-
migration would lead to re-
covery of the community 
(Burridge et al., 2010).  

Deltamethrin  
[(S) -cyano -(3 -phe-
noxyphenyl) -methyl] 
(1R,3R) -3- (2,2 -di-
bromoethenyl) -2,2 -
dimethyl -cyclopro-
pane -1-carboxylate  

MEC:  
Sediment s: not detected -
0.3 ȉg/kg dwt (Scottish ma-
rine fish farms) (BIO Intelli-
gence Service, 2013).  
 

Log Kow = 4.6 
(Burridge et al., 
2014).  

Invertebrates:   
24h LC50 = 0.8 ng/L 
(Homarus americanus , 
stage I); 0.6 ng/L 
(Homarus americanus , 
stage II); 1.7 ng/L 
(Homarus americanus , 
stage IV); 15 ng/L (0.8 
ng/L ( Homarus ameri-
canus , adult); 27 ng/L 
(Crangon septemspi-
nosa ); 1.4 ng/L ( Mysid 
sp. ).  
96h LC50 = 3.4 ȉg/L 
(Homarus americanus , 
stage I); 18.8 ng/L  
(Homarus americanus , 
adult); 142 ng/L  
(Crangon septemspi-
nosa); 1.7 -8 ng/L ( Eo-
haustorius estuaries ); 
13.9 ng/L ( Mysid sp. ) 
(Burridge et al., 2014).  
Fish:  
96h LC50 = 0.4 -2.0 
ȉg/L (OSPAR, 2009a). 
 

Water:  0.00024 
ȉg/L (OSPAR, 
2009a).  

10 ȉg/kg (MRL, 
fin fish muscle 
and skin in nat-
ural propor-
tions).  
0.3 ng/L (SEPA 
AA-EQS); 9 
ng/L (3h SEPA 
MAC-EQS); 6 
ng/L (6h SEPA 
MAC-EQS); 4 
ng/L (12h SEPA 
MAC-EQS); 2 
ng/L (24h SEPA 
MAC-EQS); 1 
ng/L (48h SEPA 
MAC-EQS) 
(SEPA, 2014).  
 
 

Used in countries like Nor-
way and Chile. Typical dos-
age in aquaculture is 2 -3 
µg/L for 40 minutes.  
Much of the available infor-
mation comes from the 
freshwater literature alt-
hough recent publications 
have addressed its use in 
marine waters. It has an af-
finity for organic ma terial, so 
exposure of non - target spe-
cies from a single cage treat-
ment may be via sediment, 
through ingestion of con-
taminated organic particles, 
as well as from water. It is 
extremely toxic to crusta-
ceans. It seems it could re-
main in the marine environ-
ment  for some time. This, 
coupled with the low lethal 
thresholds, suggests that it 
could pose great risk when 
used in an aquaculture set-
ting, particularly where sen-
sitive non - target organisms 
are present (Burridge et al., 
2014). However, field stud-
ies have sho wn that this 
high potential toxicity is not 
realized. It is not mobile in 
the environment because of 
its strong adsorption on par-
ticles, its insolubility in wa-
ter, and very low rates of ap-
plication (OSPAR, 2009a).  
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Dichlorvos  
2,2 -dichlorovinyl di-
methyl ph osphate  

MEC:  
Water:  not detected (LOD = 
0.10 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009).  
 

Log Kow = 1.47 
(Martínez Bueno et 
al., 2009).  

Fish:  
LC50= 0.2 ->40 mg/L, 
with the lowest value 
0.122 mg/L for larvae 
of herring (OSPAR, 
2009a).  
 

 6x10 -5ȉg/L 
(WFD AA -EQS); 
7x10 -5 ȉg/L 
WFD MAC -
EQS).  
0.04 ȉg/L (UK 
AA-EQS) (SEPA, 
2014).  

Widely used in the past, but 
its use is no longer permit-
ted.  
Degrades relatively rapidly 
in biologically active waters, 
with half - life from <1 to < 25 
days (Boxall et al., 2002). 
Unlikely to bioaccumulate 
(Burridge et al., 2010).  
Highly to moderately toxic to 
fish and aquatic arthropods 
are more sensitive than fish 
(OSPAR, 2009a).  

Trichlorfon  
(RS) -dimethyl (2,2,2 -
trichloro -1-hydroxy-
ethyl)phosphonat e 

  No effects observed in 
Chlorella vulgaris  
(Coelho et al., 2011).  
 

  Widely used in seabass and 
sea bream aquaculture in 
the Mediterranean and in 
shrimp farms in many south -
east Asian countries.  
The widespread use in aqua-
culture for a long time is 
generating concerns about 
the impact on public and en-
vironmental health (Coelho 
et al., 2011).  
Degrades into the more toxic 
and effective dichlorvos, but 
the rate of transformation is 
dependent on water temper-
ature and pH. The incon-
sistency of this transfo r-
mation, the acute toxic risk 
to salmon and the increase 
in use of dichlorvos resulted 
in the gradual cessation of 
use of trichorfon (Haya et 
al., 2005).  

Parasiticides - In - feed additives  

Diþubenzuron  

N-[(4 -chloro-
phenyl)carbamoyl] -
2,6 -difluoroben-
zamide  

MEC:  

Water: not detected (LOD = 
1.25 ȉg/L) (fish farm, south-
east Spain) (Martínez Bueno 
et al., 2009).  
Sediment : not detected 
(<0.5 ȉg/kg wwt)-1.6 ȉg/kg 
wwt (Scottish lochs) (SEPA, 
2009).  

Log Kow = 3.89 

(Martínez Bueno et 
al., 200teflu  
9).  

Invertebrates:   

96h LC50 = 1.1 -200 
ȉg/L (Palaemonetes 
pugio , various stages).  
48h LC50 = 2.2 ȉg/L  
(Eurytemora affinis ) 
(Haya et al., 2005).  
EC50 = 130 mg/L 
(oyster, larvae); 250 

 1000 ȉg/kg 

(MRL, Salmon-
idae muscle and 
skin in natu ral 
proportions).   
0.005 ȉg/L (UK 
AA-EQS); 0.1 
ȉg/L (UK MAC-

Moderate potential for bioac-

cumulation. Few marine 
studies suggest that sedi-
ment is a significant sink in 
the marine environment. It 
is stable and persistent in 
anoxic marine  sediments 
under laboratory conditions 
(Haya et al., 2005).  
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Biota:  traces of the metabo-
lites are found in fish when 
water is contaminated with 
diflubenzuron (OSPAR, 
2009a).  

mg/L (oyster, juve-
niles (OSPAR, 2009a).                                                                     
LC50 = 1 mg/L ( Uca 
pugilator ); 1200 mg/L 
(Homarus americanus ) 
(PPDB, 2013).  
Fish:  
96h LC50 = 33 mg/L 
(Fundulus hetero-
clitus ) (Haya et al., 
2005); 255 mg/L (salt-
water minnow) 
(OSPAR, 2010b).  
LC50 = 50000 mg/L 
(Salmo salar ); 71.5 
mg/L ( Cyprinodon var-

iegatus ) (PPDB, 2013).  

EQS (SEPA, 
2014).  
 
 

Practically nontoxic to fish 
and aquatic invertebrates. 
Arthropods are most suscep-
tible in the premolting stage. 
Monthly and bimonthly ap-
plication of 10 ȉg/L were re-
ported to reduce zooplank-
ton a bundance and species 
richness, causing algal bio-
mass to increase because of 
decreases in invertebrate 
grazing (OSPAR, 2009a).  

Emamectin benzoate  
(4''R) -4'' -deoxy -4'' -
(methylamino)aver-
mectin B1 benzoate  

MEC:  
Water:  not detected (LOD = 
0.25 ȉg/kg) (field trial under 
EB commercial use condi-
tions, Atlantic salmon farm, 
northwest Scotland) (Telfer 
et al., 2006).        
8 day exposure to 0.1 mg/kg 
sediment -associated EB re-
sulted in approximately 0.5 
g/L in the overlying sea wa-
ter (Veldhoen et al., 2012).  
Sediment : not detected 
(LOD = 0.25 ȉg/kg) to a 
maximum post - treatment 
level of 2.73 ȉg/kg after 4 
months (field trial) (Telfer et 
al., 2006); not detected -28 
ȉg/Kg dwt (beneath Atlantic 
salmon farms) (Mayor et al., 
2008);  not detected (<0.08 
ȉg/Kg wwt)-44 ȉg/kg wwt 
(Scottish lochs) (SEPA, 
2009).  
Biota: detectable levels in 
mussels one week after 
treatment, in crustaceans 
during and immediately af-
ter treatment, in scavengers 

Log Kow = 5 (Fish-
eries and Oceans 
Canada, 2003).  
BCF = 69 (whole 
fish) (USEPA, 
2009).  

Invertebrates:   
96h LC50 =  0.983 
mg/L ( Nephrops 
norvegicus ); 0.665 
(Crassostrea virgin-
ica ); 0.242 mg/L 
(Crangon crangon ) 
(Boxall et al., 2002).  
10d LC50= 153 ȉg/Kg 
wwt ( Corophium volu-
tator ); 1368 ȉg/Kg 
wwt ( Hediste diversi-
color ) (Mayor et al., 
2008).                                                 
EC50= 490 ȉg/L 
(Crassostrea virginica , 
shell deposition or em-
bryo - larvae).  
LC50 = 0.04 ȉg/L 
(Americamysis bahia ) 
(USEPA, 2009).                                      
Significant mortality in 
Pandalus platyceros  
within 8 days of  treat-
ment a t concentrations 
between 0.1 -0.8 
mg/kg and no effect on 
molting (Veldhoen et 
al., 2012).  

Water:  0.00022 
ȉg/L (OSPAR, 
2009a).  
Sediment: 1.11 
ppb (derived 
from Arenicola 
marina  exposed 
in sediment); 
6820 ppb (de-
rived from 
Nephrops 
norvegicus  ex-
posed to medi-
cated feed) 
(Marine Insti-
tute for SWRB D, 
2007).  

100 ȉg/kg 
(MRL, fin fish 
muscle and skin 
in natural pro-
portions).  
0.22 ng/L (SEPA 
MAC-EQS).  
0.763 µg/kg 
wwt (SEPA 
MAC-EQSsediment , 
5 cm core depth 
outside zone of 
effects area. 
100 m from 
edge of cages, 
increased up to 
150 m where 
strong direc-
ti onal currents 
exist) (SEPA, 
2014).  

Widely used. Typical dosage 
in aquaculture is 0.05 mg 
active ingredient/kg fish day 
for 7 days.  
Moderate to high bioaccu-
mulation potential (Telfer et 
al., 2006). Likely to be rap-
idly bound to particulate ma-
terial or sur faces, so poten-
tial impacts could be pre-
dicted on sediment dwellers 
or fauna which feed on sus-
pended particulate material, 
such as filter feeders. How-
ever, no evidence of toxic 
impacts on organisms in ei-
ther water column or sedi-
ments around fish farm 
cages  after treatment was 
found (Telfer et al., 2006).  
Induces molting in lobsters 
(Fisheries and Oceans Can-
ada, 2003). Feeding to At-
lantic salmon at up to ten 
times the recommended 
treatment dose resulted in 
no mortality. However, signs 
of toxicity, lethargy, dark 



 

49 

 

several months after treat-
ment (field trials) (Haya et 
al., 2005); not detected 
(LOD = 0.25 ȉg/kg)-1.99 
ȉg/kg wwt (Munida rugose ); 
not detected -5 ȉg/kg wwt 
(Pagurus spp. ); not de-
tected -1.08 ȉg/kg wwt 
(Buccinum undatum ); not 
detected -0.61 ȉg/kg wwt 
(Asterias rubens ); not de-
tected -1.23 ȉg/kg wwt 
(Scylio rhinus canicula ); not 
detected ( Conger conger ) 
(Telfer et al., 2006); 
0.45±0.15 g/kg wwt ( Pan-

dalus platyceros,  muscle) 
(Veldhoen et al., 2012).  

NOEC = 0.115 mg/kg 
(Arenicola marina ); 
0.056 mg/kg ( Coro-
phium volutator ) (Tel-
fer et al., 2006); 0.018 
ȉg/L (Americamysis 
bahia ) (USEPA, 2009).  
Fish:  
96h LC50 = 1.34 mg/L 
(Cyprinodon varie-
gatus ) (Boxall et al., 
2002).  

coloration and lack of appe-
tite were observed at the 
highest treatment concen-
tration (Haya et al., 2005). 
Sort - term exposure can im-
pact biological processes in 
spot prawn ( Pandalus 
platyceros ) (Veldhoen et al., 
2012). Based on the current 
state of kno wledge and 
monitoring requirements, it 
has the highest risk quotient 
because of the very low 
PNEC, but measured con-
centrations in sediments 
close to the farm indicate a 

much smaller localised risk 
(OSPAR, 2009a).  

Ivermectin  
22,23 -dihydroaver-
mectin B1a + 2 2,23 -
dihydroavermectin 
B1b  

MEC:  
Sediment:  not detected 
(<0.2 ȉg/kg wwt) (Scottish 
lochs) (SEPA, 2009); 1.4 -
6.8 ng/g (under and adja-
cent to salmon cages ap-
prox. 1 km off -shore on the 
west coast of Ireland) (Box-
all et al., 2002).  

Log Kow = 3.22 
(Haya et al.,  2005).  
BCF = 74 (fish); 
750 (mussels) 
(Haya et al., 2005).  

Invertebrates:   
96h LC50 = 7.75 mg/L 
(Nereis diversicolor ); 
580 mg/L ( Littorina lit-
torea ); 390 mg/L ( Nu-
cella lapillus ); 300 
mg/L ( Pecten maxi-
mus ); 400 mg/L ( Myti-
lus edulis ); 80 -100 
mg/L ( Crassostr ea gi-
gas , larvae); 54 mg/L 
(Palaemonectes vari-
ans ); 0.07 mg/L ( Ne-
omysis integer ); 9.57 
mg/L ( Carcinus mae-
nas ); >10000 mg/L 
(Hydrobia ulvae ) (Box-
all et al., 2002).  
10d LC50 = 180 ȉg/kg 
dwt ( Corophium volu-
tator ); 23 ȉg/kg dwt 
(Arenicola marina ); 
23600 ȉg/kg dwt ( As-
terias rubens ) (Haya et 
al., 2005).  
NOEC = 0.05 mg/kg 
(Corophium voluta-
tor ); 5 mg/kg ( Asterias 

Sediment:  2 
mg/Kg (derived 
from Arenicola 
marina exposed 
in sed iment) 
(Davies et al., 
1998).  

Has an MRL, but 
not established 
for fish.  
0.0001 ȉg/L 
(UK AA -EQS); 
0.001 ȉg/L (UK 
MAC-EQS) 
(SEPA, 2014).  

Limited use. Employed to 
control sea lice in salmon 
culture grow -out operations 
in the UK and Ireland. Veter-
inarians can prescribe iver-
mectin if no other effective 
licensed product is available.  
Expected to be associated 
with sediments and particles 
and to show low mobility. It 
is highly toxic to several 
non - target organisms, par-
ticularly to crustaceans (BIO 
Intelligence Ser vice, 2013). 
Behavioral changes, such as 
cessation of feeding and 
lethargy, were observed in 
Atalantic salmon exposed to 
this compound (Haya et al., 
2005).  
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rubens ) (Davies et al., 
1998).  
Fish:  
96h LC50 = 17 ȉg/L 
(Salmo salar ) (Haya et 
al., 2005).  

Teflubenzuron  
1- (3,5 -dichloro -2,4 -

difluorophenyl) -3-
(2,6 -difluoroben-
zoyl)urea  

MEC:  
Water: Not detected 

(salmon cages after treat-
ment) (Haya et al., 2005).  
Sediment: Not detected 
(<0.2 ȉg/kg wet wt)-1.4 
ȉg/kg wwt (Scottish lochs) 
(SEPA, 2009); measurable 
concentrations at 1000 m 
from the cage, in line with 
the current flow, but 98% of 
the total load  degraded or 
dispersed by 645 days after 
treatment (Haya et al., 
2005).  
Biota:  0.2 -11.3 ng/g (deep-
water prawns, 1 -5 km away 
from the farms); 185.7 ng/g 
(maximum concentration in 
brown crab, 100 -300 m from 
the farms) (Langford, 
2011); 200 ng/g (deepwater 
pr awns); 319 ng/g (Norway 
lobster); 393 ng/g (squat 
lobster); 865 ng/g (king 
crab) (within an area of 300 
m from a commercial farm 
under treatment) (Samuel-
sen et al., 2014).  

Log Kow = 4.3.  
BCF = 640 (PPDB, 

2013).  

Invertebrates:   
Members of Capitella 

sp . redu ce their feed-
ing activity at 8.4 to 
41.8 mg/g in sedi-
ments (Méndez, 
2006).  

 500 ȉg/kg 
(MRL, Salmon-

idae muscle and 
skin in natural 
proportions).  
6 ng/L (SEPA 
AA-EQS); 30 
ng/L (SEPA 
MAC-EQS).  
2 µg/kg wwt 
(SEPA MAC -
EQSsediment , 5 cm 
core depth out-
side zone o f ef-
fects area. 100 
m from edge of 
cages, in-
creased up to 
150 m where 
strong direc-
tional currents 
exist)  (SEPA, 
2014).  

Apparently no longer pro-
duced as an anti - louse treat-

ment.  
Typical dosage in aquacul-
ture is 10 mg active ingredi-
ent/kg fish day, for 7 d ays or 
2-3 mg active ingredient/kg 
fish day, for 14 days.  
Around 90% of the ingested 
teflubenzuron is evacuated 
from fish via faeces in the 
period immediately following 
treatment, with the remain-
der entering the environ-
ment in the form of uneaten 
waste fee d (Méndez, 2006). 
Few marine studies suggest 
that sediment is a significant 
sink in the marine environ-
ment. Some indication of re -
suspension and redistribu-
tion of sediment after sev-
eral weeks, suggesting risk 
to indigenous sediment 
dwelling crustaceans, su ch 
as crab or lobster. However, 
the mussels eliminated 
teflubenzuron readily.  
It is relatively non - toxic to 
marine species of birds, 
mammals and fish, due to its 
mode of action, but it is po-
tentially highly toxic to any 
species which undergo molt-
ing within  their life cycle 
(Haya et al., 2005). Varia-
tion in sensitivity between 
individuals made it difficult 
to determine a break point 
(Samuelsen et al., 2014).  
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Fungicides  

Trifluralin  
2,6 -dinitro -N,N -
dipropyl -4-
(trifluoromethyl)benz
enamine  

 Log Kow = 5.27.  
BCF = 2280 -11500 
(different fish spe-
cies) (OSPAR, 
2005).  

Invertebrates:   
LC50 = 7.97mg/L ( Pe-
naeus merguiensis , 
post larval stage 10); 
9.98 mg/L ( Penaeus 
merguiensis , post lar-
val stage 20); 13.3 

mg/L ( Penaeus mer-
guiensis , post larval 
stage 30) (Chan et al.,  
2013).  
Fish:  
4d LC50 = 88 µg/L 
(Oncorhynchus 
mykiss ).  
166d NOEC = 1.3 µg/L 
(Cyprinodon varie-
gatus ).  
48d NOEC = 1.14 µg/L 
(Oncorhynchus 
mykiss ) (OSPAR, 
2005).  

 0.03 ȉg/L (WFD 
AA-EQS).  
1 ȉg/kg (Japa-
nese MRL of Ja-
pan Food 
Chemical Re-
search Founda-

tion) (Chan et 
al., 2013).  

Banned in Europe, but still 
widely use in other parts of 
the world.  
High potential for bioaccu-
mulation and biomagnifica-
tion and very toxic to aquatic 
organisms, especially to-

wards fish. It is persistent in 
the environment and has a 
short ha lf - life in water 
(OSPAR, 2005). As it under-
goes extensive photodecom-
position in aqueous media, 
the parent compound might 
not be the most appropriate 
marker of residue for detect-
ing use. Information regard-
ing its environmental con-
centrations, uptake, depura-
tion, and metabolism for 
aquatic organisms is very 
limited (Chan et al., 2013).  

Anaesthetics  

Benzocaine  
Ethyl 4 -aminobenzo-
ate  

  Only freshwater data.  Water:  210 
ȉg/L (OSPAR, 
2009a).  

MRL not re-
quired.  
 

Widespread use.  
Not suspected to be persis-
tent or bioaccumulative 
(CEPA, 2008).  
Shown to Induce increased 
blood glucose and serum 
cortisol levels on gilthead 
seabream ( Sparus aurata ). 
In addition, it depressed ly-
sozyme activity, production 
of reactive oxygen species 
and pinocytosis activity 
(Bressler and Ron, 2004). It 
has been also seen that 

zebrafish are aversive to 
benzocaine, and recom-
mended that in future this 
compound should perhaps 
be used only in exceptional 
circumstances (Readman et 
al., 2013).  
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Tricaine methane sul-
phonate (MS -222)  
Ethyl 3 -aminobenzo-
ate methanesulfate  

    MRL not re-
quired.  

Worldwide use. Typical dos-
age in aquaculture is 15 -300 
mg/L.  
No adverse environmental 
effects are foreseen with its 
use (Fisheries and Oceans 
Canada, 2003). It is as-
sumed to be  biodegradable 
but it is recommended not to 
discard it into the environ-
ment (OSPAR, 2009a). Sev-
eral authors illustrated that 
it could significantly alter 
fish blood plasma chemistry, 
but this has not been ade-
quately investigated in ma-

rine species (Popovic et al., 
2012). It elicited an aversive 
response in zebrafish at 
50% of the effective dose, 
supporting the anecedotal 
evidence of its aversive na-
ture put forward for salmon-
ids and other species (Read-
man et al., 2013).  

Disinfectants  

Formalin  
Methanal  

  Invertebrates:   
EC50 = 1.78 mg/L ( Pa-
racentrotus lividus , 
embryo); 1.79 mg/L 
(Arbacia lixula , em-
bryo) (Carballeira et 
al., 2012).  

 MRL not re-
quired.  

Global use. Prohibited from 
commercial  applica-
tions  within  the EU. Typical 
dosage in aquaculture is 
150 -250 ppm for 30 to 60 
minutes. Not known to be 
significantly bioaccumulated 
(Marine Institute for 
SWRBD, 2007). Highly toxic 
to aquatic life at low conce n-
trations, even found to be 
more toxic than antibiotics 
(Carballeira et al., 2012; de 
Orte et al., 2013). Chronic 
effects are unlikely to occur 
because of the intermittent 
nature of treatment and the 
relatively low persistence 
(GESAMP, 1997).  



 

53 

 

Hydrogen pe roxide   Log Kow = <1 
(Burridge et al., 
2014).  

Invertebrates:   
24h LC50 = 800 mg/L 
(Artemia salina ); 1637 
mg/L ( Homarus amer-
icanus , stage I); 
>3750 mg/L ( Homarus 
americanus , adult); 
3182 mg/L ( Crangon 
septemspinosa ); 973 
mg/L ( Mysid sp .) (Bur-
ridge et al., 2 014).  

 MRL not re-
quired.  

Not in common use. Typical 
dosage in aquaculture is 500 
mg/L for up to 20 minutes.  
There is little information of 
the toxicity to marine organ-
isms. There is evidence that 
the concentrations used in 
sea lice treatments can 
cause gil l damage and re-
duced growth rates for 2 
weeks post treatment (Haya 
et al., 2005). Although is 
toxic to some aquatic organ-
isms, including marine phy-
toplankton and crustacean, 
the rates of dilution and dis-

sociation encountered on 
fish farms ensure that harm-
ful effects on the environ-
ment are minimised and 
therefore this compounds 
seems to be of low regula-
tory priority (Marine Insti-
tute for SWRBD, 2007; Bur-
ridge et al., 2014).  

Iodophoros      MRL not re-
quired.  

Widespread use.  
May cause long term ad-
verse effects on the aquatic 
environment. Formulations 
may contain compounds 
harmful or toxic to aquatic 
biota (Fisheries and Oceans 
Canada, 2003; Marine Insti-
tute for SWRBD, 2007).  

MEC: Measured environmental concentrations; PEC: Predicted environmental concen trations; dwt: dry weight; wwt: wet weight; LOD: Limit of detection.  
Log Kow (log octanol/water partition coefficient) reflects the chemical's tendency to bioaccumulate in organisms.  
BCF (Bioconcentration Factor) reflects the extent to which pollutants co ncentrate from water into aquatic organisms.  
EC50: Median effective concentration; LC50: Median lethal concentration; LD50: Median lethal dose; IC50: Half maximal inhibit ory concentration; NOEC: No effect concen-
tration; PNEC: Predicted no effect concentrat ion.  
MRL: Maximum Residue Levels established in the Commission Regulation (EU) No 37/2010.  
WFD EQS: Environmental quality standards set in the Directive 2008/105/EC (EQS Directive) and amendments (Directive 2013/39/E U); AA: Annual average ; MAC: Maximum 
allowable concentration; SEPA EQS: Operational water and sediment Quality Standards applied by the Scottish Environmental Pro tection Agency (SEPA) for regulating the 
use of chemicals in aquaculture. 
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3.3.2  Food  additives  and contaminants  

Food additives include artificial and natural pigments  (e.g.  astaxanthin and canthaxan-

thin ) , vaccines , antioxidants (e.g.  butylated hydroxytoluene  and ethoxyquin ) , and im-

munostimulants (e.g.  vitamins C and E ) . These compounds are  usually  accepted  as safe 

(GESAM P, 1997; Fisheries and Oceans Canada, 2003). The rules for the authorization , 

supervision and labelling of feed additives are set by the Regulation (EC) No 1831/2003 40 .  

On the other hand, the consumption of feed can lead farmed organisms to  be exposed to  

pollutants such as polychlorinated dibenzodioxins (PCDDs), polychlorinated dibenzofurans 

(PCDFs), polychlorinated biphenyls (PCBs), PAHs, hexachlorobenzenes (HCBs), polybro-

minated diphenyl ethers (PBDEs), and organochlorine pesticides like DDT (Grigorakis  and 

Rigos, 2011). Moreover, metal pollution in sediments under fish cages is often related to 

the fact that f ish food formulations are supplemented with various trace elements , such 

as copper, zinc, iron, manganese, cobalt, magnesium and selenium  (CIESM, 2007; Bur-

ridge et al., 2010 ; Grigorakis and Rigos , 2011; Simpson et al., 2013).   

3.3.3  Antifouling biocides  

The fish farming industry suffers significantly from the effects of biofouling , so the appli-

cation of antifouling biocides is common  in aquaculture.  Antifouling compounds widely 

used include c horothalonil, copper pyrithione, dichlofuanid, DCOIT ( sea-Nine 211), diuron, 

irgarol -1051, TCMS pyridine, zinc pyrithione, and zineb (Guardiola et al., 2012).   

Antifoulants are not directly used on food -producing f ish, so an MRL is not applicable to 

them . As mentioned above, t heir regulatory procedure come s within the scope of the Bi-

ocides Directive.  

3.4  DREDGING AND DUMPING OF DREDGED MATERIAL  

Dredging and dumping are common regulated human activities which can  contribute to 

the input of sea -sourced substances . Dredging  operations  and associated r e-suspension 

of bottom sediments may  lead to  large scale increases in water column pollutan t levels 

(Hedge et al., 2009; Katsiaras et al., 2015). Nonetheless, dredging is essential to maintain 

ports and harbors and navigational access, and therefore dredging processes have in-

creased worldwide (Wasserman et al., 2013).  

Under UNCLOS and other relevant international maritime conventions, ocean dumping is 

defined as ñany deliberate disposal of wastes or other matter from vessels, aircraft, plat-

forms or other man -made structures at seaò. Disposal at sea of dredged material may also 

damage  the marine environment (Parnell et al., 2008). Dredged material is not specifically 

tack led under any EU legislation, but  several  EU Directives have a  direct or indirect  impact 

on the management of dredged material (e.g.  the Waste Framework Directive 41 , Natura  

                                                           

40  Regulation (EC) No 1831/2003 of the European parliament and of the council of 22 

September 2003 on additives for use in animal nutrition. http://eur - lex.europa.eu /legal -

content/EN/ALL/?uri=CELEX:32003R1831  
41  Directive 2008/98/EC on waste (Waste Framework Directive). http://ec.europa.eu/en-

vironment/waste/framework/  
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2000 areas under the Birds 42  and Habitat 43  Dir ectives, the WFD, and the MSFD). Nowa-

days , the deliberate disposal of dredged material  into the sea is fundamentally  regulated 

by the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other 

Matter 1972 (London Convention) and its  1996 Protocol (London Protocol) 44 . G uidelines 

for the management of dredged material , including its  chemical characterization , are also 

provided on a regional level by OSPAR, HELCOM, the Barcelona and Bucharest Conven-

tions. The OSPAR Agreement 2014 -06e 45  recommends the consideration of trace metals  

and metalloids  (arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc), 

PCBs (PCB congeners -  IUPAC 28, 52, 101, 118, 138, 153 and 180), PAHs (anthracene, 

benzo[a]anthracene, benzo[ghi]perylene, benzo[a]pyrene, chrysene, fluoranthene, in-

deno[1,2,3 - cd]pyrene; pyrene, and phenanthrene), and organotin  compounds. Based 

upon local info rmation of sources of contamination or historic inputs , o ther substances 

may also require analysis :  other chlorobiphenyls, organochlorine pesticides, organophos-

phorus pesticides, triphenyl tin (TPhT), other anti Ȥfouling agents, petroleum hydrocarbons, 

PCDDs/PCDFs, and phthalates . 

The London Protocol enumerates in its Annex 1 other wastes or matter that are currently 

legally acceptable for dumping, which includes sewage sludge, fish wastes, vessels and 

platforms, inert, inorganic geological material (such as  mining wastes), organic material 

of natural origin, and bulky items (primarily comprising iron, steel and concrete). Never-

theless, dumping sewage sludge and vessels or aircrafts was phased out in the OSPAR 

area in 1998 and 2004, respectively. Throughout t he Baltic Sea all dumping is prohibited, 

except for dredge spoil. Therefore, properly managed  dredge d material appear  to be es-

sentially  all material currently dumped into the sea (OSPAR, 2009c). However, already -

dumped material, as well as some allowed  or unregulated dumping activities, can still 

represent a substantial environmental hazard. Illegal dumping and associated contamina-

tion may also be a problem in different parts of the world, including Europe (Frank, 2007).  

3.5  HISTORICAL DUMPING SITES  

Previously  and until the prohibition with the London Convention , all types of wastes were 

ocean dumped , which led to areas with high levels of contaminants, such as PAHs, titanium 

dioxide waste,  and  heavy metals (Vethaak and Van Der Meer, 1991; Leipe et al., 2013; 

Liehr et al., 2013). Historical dumpsites are spread over the sea bottom and may still 

represent a serious th reat to the marine environment (OSPAR, 2010b, 2010c).  

Radioactive waste from nuclear power plants, reprocessing plants, nuclear powered ves-

sels, industries, hospitals, scientific research centers, and nuclear weapons facilities was 

also routinel y dumped into the sea worldwide (OSPAR 2010b).  Information on the date 

and loca tion of the disposal operations, the type, number and weight or volume of the 

disposed containers  has been collected by the International Atomic Energy Agency 

(IAEA) 46 , although  complete data on radionuclide composition of the waste is usually lack-

ing (IAEA, 1999, 2015).  

                                                           

42  Directive 2009/147/EC of the European Parliament and of the Council of 30 November 

2009 on the conservation of wild birds. http://ec.europa.eu/environment/nature/legisla-

tion/birdsdirective/index_en.htm  
43  Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habita ts and 

of wild fauna and flora. http://ec.europa.eu/environment/nature/legislation/habi-

tatsdirective/index_en.htm  
44  London Convention and Protocol. http://londonprotocol.imo.org  
45  OSPAR Guidelines for the Management of Dredged Material at Sea (Agreement 2014 -

06). http://www.ospar.org/co nvention/agreements  
46  International Atomic Energy Agency (IAEA). https://www.iaea.org/  
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In the OSPAR high seas areas of the North -East Atlantic, approximately 98 % of the dis-

posed radioactive waste is considered to consist of beta and gamma emitters, mainly trit-

ium (3H) and others such as 90Sr, 134Cs, 137Cs, 55Fe, 58Co, 60Co, and 14C. The rest 

2% consist s principally of plutonium and americium isotopes (OSPAR, 2014b). Information 

on r adionuclide composition in other European marine regions is difficult to access or lack-

ing ( IAEA, 1999 ; HELCOM, 2003 ; Coll et al., 201 2).  

3.5.1  Munitions and chemical weapons  

The Chemical Weapons Convention  (CWC) 47  was ratified by most world countries in 1993 

mandating the destruction of Chemical Warfare Agents (CWA) by 2012. However, previ-

ously and un til  the prohibition with the London Conve ntion, dumping was the preferred 

destruction method. In effect, dumping at sea of chemical weapons and conventional mu-

nitions was commonplace in European waters after World Wars I and II, principally in the 

Baltic Sea, near the island of Bornholm and in th e Gotland basin (Roose et al., 2011; 

Beğdowski et al., 2016). Large amounts were also dumped in the OSPAR Maritime Area 

(OSPAR, 2010c) and in the Mediterranean Sea, particularly in the Southern Adriatic, which 

was also more recently affected by the Balkans  War (Frank, 2007). Warfare agents con-

stitute, therefore, a class of legacy contaminants produced and dumped decades ago. Yet 

in many cases, accurate information on the quantities, locations and current condition of 

the dumpsites is unavailable because the  original documentation has been lost or de-

stroyed, dumping took place outside of official designated areas and/or the material has 

been moved or buried by natural or anthropogenic activities (Benn et al., 2010).   

Chemicals originating from warfare materi als can eventually leak into the sea and spread 

from the sites of disposal over more distant areas. Leakage of toxic compounds from the 

corroded munitions has been recently suggested in dumpsites of the Baltic (Missiaen et 

al., 2010; Barġienƍ et al., 2014) and Adriatic Sea (Amato et al., 2006; Della Torre et al., 

2013), and there are predictions that corrosion will lead to maximal leakage periods in the 

middle of the 21st century (Roose e al., 2011). Furthermore, the increasing demand for 

marine activities such as offshore wind farms and pipelines as well as changes in fishing 

practices raise new issues since these activities could also alter undisturbed munitions. 

Hence, warfare agents and their degradation products represent a significant threat for 

the ma rine environment. Despite this, little is still known about their persistence, bioac-

cumulation and adverse effects on humans and biota (OSPAR, 2009d; Sanderson et al., 

2012). Due to the increasing concern over sea -dumped CWA, several programmes and 

project s have been put in place over the past few decades to assess the extent of dumping 

and its potential impacts (e.g. OSPAR Recommendation 2010/20 48 , HELCOM MUNI 49 , HEL-

COM SUBMERGED50 , MERCW 51  project, CHEMSEA 52  project, and RED COD 53  project).  

                                                           

47  Convention on the Prohibition of the Development, Production, Stockpiling and Use of 

Chemical Weapons and on their Destruction. https://www.opcw.org/chemical -weapons -

convention/  
48  OSPAR Recommendation 2010/20 on an OSPAR framework for reporting encounters 

with conventional and chemical munitions in the OSPAR Maritime Area. 

http://www.ospar.org/convention/agreements?q=2010%2F20&t=32283&a=&s=  
49  HELCOM Expert Group to upd ate and review the existing information on dumped chem-

ical munitions in the Baltic Sea (HELCOM MUNI). http://www.helcom.fi/baltic -sea-

trends/hazardous -substances/sea -dumped -chemical -munitions/helcom -actions/  
50  HELCOM Expert Group on Environmental Risks of Hazardous Submerged Objects (SUB-

MERGED). http://www.helcom.fi/helcom -at -work/groups/response/submerged/  
51  MERCW (Modeling of Environmental Risks related to sea -dumped Chemical Weapons). 

http://www.mercw.org/  
52  CHEMSEA (Chemical Munitions, Search and Assess ment). http://www.chemsea.eu/  
53  RED COD (Research on Environmental Damage caused by Chemical Ordnance Dumped 

at sea). http://ibimold.ibim.cnr.it/matranga/REDCODfinalreport -October%202006.PDF  



 

57 

 

About  70 different chemicals have been used or stockpiled as CWA in the 20th century 

(CHEMSEA, 2013) , although the actual composition in many dumping incidents is unknown 

(Beddington and Kinloch, 2005).  Conventional munitions  constitute the main proportion 

of d umped material  and are predominantly  composed of nitroaromatics explosives  (e.g. 

TNT and DNT)  and nitramines explosives  (e.g. RDX).  Besides the explosive material, con-

ventional ammunition consists of metals  (e.g.  copper, iron, nickel, tungsten, tin, lead, 

aluminum and zinc ), propellants, plasticizers, and stabilizers  (e.g. nitroglycerin and nitro-

cellulose )  (Liebezeit, 2002; Lotufo et al., 2013; Smith et al., 2013). Large numbers of 

incendiary munitions (e.g. containing white phosphorus) have been also commo nly  

dumped at sea (Amato et al., 2006; OSPAR, 2010c; HELCOM, 2013a).  

The main CWA dumped into the sea are blistering agents  (e.g. s ulfur mustard gas and 

arsenic -containing compounds ), nerve agent organophosphates (e.g. Tabun), choking 

agents (e.g. phosgene), and lachrymatory agents (e.g. Ŭ-chloroacetophenone) (Sander-

son  et al.,  2012; HELCOM, 2013a; Barġienƍ et al., 2014). Hazardous additives such as 

aromatic and chlorinated solvents (e.g., benzene, chlorobenzene, tetrachloromethane) are  

also frequent constituents of the dumped warfare material (HELCOM, 2013a). The table 7 

presents an overview of the main warfare agents believed  to have been  dumped at sea at 

one time or another.
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Table 7 . Summary of main constituents of warfare material du mped at sea  (as published by Tornero and Hanke, in press, supplementary material ).    

Substance  Concentrations at sea 
dumpsites  

Bioaccumulation  
Bioconcentration  

 

Toxicity in the ma-
rine environment  

Quality  
benchmarks  

Remarks  

Chemical warfare agents (CWA)  

Blister agents (vesicants)  

Sulfur mustard (yperite)  
Bis(2 -chloroethyl) sulfide  

MEC :  
Parental compound and 
metabolites not de-
tected (LOD = 0.5 
mg/kg dwt) in fish tis-
sues in dumping areas 
of the Adriatic Sea, con-
firming low bioaccumu-
lation and bioconcentr a-
tion capacities (Amato 
et al., 2006).  
Not detected in sedi-
ments and porewater of 
the Bornholm dumpsite 
(Baltic Sea) (Sanderson 
et al., 2012).  
Derivatives or oxidation 
products found in sedi-
ments of the Baltic and 
Adriatic Seas (Amato et 
al., 2006; CHEMS EA, 
2013).  
PEC:  
Water:  127 ȉg/L 
(Sanderson e al., 2008).  

Log Kow = 1.37 -
2.4 (Amato et al., 
2006; HELCOM, 
2013a).  
BCF = 14.3  
(Sanderson et al., 
2007).  
 

Predicted LC50 = 6.7 
mg/L (fish); 4.4 mg/L 
(algae) (Sanderson 
et al., 2007).  
HC5 = 100 ȉg/L (fish 
community) (Sander-
son et al., 2008).  
 

 CWA produced and dumped in 
the largest volume (accounts 
for 63% of all CWA dumped in 
the Baltic Sea). However, there 
is significant lack of infor-
mation for marine biota.  
Persistent in water, dissolves 
extremely slow.  Once dis-
solved, hydrolyzes quickly to 
thiodiglycol and hydrochloric 
acid (Barġienƍ et al., 2014). 
Enriched presence of special 
bacteria capable of degrading 
the hydrolysis products iso-
lated from dumpsite areas in 
the Baltic (Medvedeva et al., 
2009).  
Expos ure related to high num-
ber of histological lesions in 
fish from a CWA dumpsite in 
the Adriatic (Amato et al., 
2006). Shown to induce tissue 
and cell damaging and in-
creased detoxification activi-
ties in marine fish (Della Torre 
et al., 2013). High chronic to x-
icity, among the most risky 
CWA with regard to the poten-
tial human consumption of 
contaminated fish (HELCOM, 
2013a).  

Nitrogen mustard  
Tris(2 -chloroethyl)amin  

No historical evidence of 
nitrogen mustard -filled 
warfare materials or 
break -down products in 
the Baltic Sea (HELCOM, 
2013a).  

Log Kow = 3.12 
(Theobald, 2002).  

1-10 mg/L (acute 
toxicity for algae, 
crustaceans and fish 
(Theobald, 2002).  

 Lower water solubility than sul-
fur mustard, also taking longer 
to hydrolyze in water.  

Lewisite  
Dichloro(2 -chlorovinyl)arsine  

MEC :  Log Kow = 2.56  
BCF = 18.6  

Predicted LC50 = 1.8 
mg/L (fish); 15.6 

 Potentially persistent (Sander-
son et al., 2007). Hydrolyzes 
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Not detected in sedi-
ments and porewater of 
the Bornholm dumpsite, 
but oxidation products 
detected in trace and 
quantifiable amount in 
sediments (mean con-
centration 15 ȉg/Kg 
dwt) (Sanderson et al., 
2012).  
Parental compoun d and 
metabolites not de-
tected (LOD = 0.5 
mg/kg dwt) in fish tis-
sues in dumping areas 
of the Adriatic Sea. 

However, arsenic levels 
very high in sediments 
(up to 44.81 mg/Kg dw) 
and fish (up to 29.69 
mg/kg dw in muscle), 
suggesting leakage from 
CWA (Amato e t al., 
2006).  

(Sanderson et al., 
2007).  

mg/L (algae) (Sand-
erson et al., 2007).  
 

quickly in contact with water, 
producing toxic organic and in-
organic arsenic compounds 
(Amato et al., 2006).  
Exposure related to high num-
ber of histological lesions in 
fish from a CWA dumpsite in  
the Adriatic (Amato et al., 
2006).  

Irritant agents  

Adamsite  
Diphenylaminechloroarsine  

MEC :  
Water: Not detected in 
porewater (Sanderson 
et al., 2012). Oxidation 
products detected in 
porewater (HELCOM, 
2013a).  
Sediment:  0.9 -354 
ȉg/kg dwt (oxidation 
products) (HELCOM, 
2013a); 0.032 mg/kg 
dwt (mean); 0.2 mg/kg 
dwt (max.) (Bornholm 
dumpsite) (Sanderson 
et al., 2012).  
PEC:  
Water:  25.8 ȉg/L 
(Sanderson e al., 2008).  

Log Kow = 4.05  
BCF = 262 
(Sanderson et al., 
2007).  

Predicte d LC50 = 
0.44 mg/L (fish); 0.7 
mg/L (algae) (Sand-
erson et al., 2007).  
HC5 = 10 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

 Very low water solubility, it 
sticks to sediments. Hydro-
lyzes very slowly. Degradation 
products persistent and with 
high bioaccu mulation poten-
tial. Expected to spread well 
outside of dumping grounds 
(HELCOM, 2013a).  
No information on exact effects 
in fish and relative intake and 
detoxification rates in fish tis-
sues or other marine organ-
isms, such as mussels (CHEM-
SEA, 2013).  

Clark I  
Diphenylarsine chloride  

MEC :  
Water: No measurable 
quantities of parent 

Log Kow = 4.52  Predicted LC50 = 
0.162 mg/L (fish); 
0.33 mg/L (algae) 

 Not readily water soluble. Ad-
sorbs easily onto sediments. 
Main degradation products 
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compounds or degrada-
tion products in the wa-
ter column (HELCOM, 
2013a).  
Sediment:  0.016 mg/kg 
dwt (mean); 0.051 
mg/kg dwt (max.) 
(Bornholm dumpsite) 
(Sanderson et al., 
2012); 990 ȉg/Kg dwt 
(degradation products); 
240 ȉg/Kg dwt (oxida-
tion products) (HEL-
COM, 2013a).  
PEC:  
Water:  12.9 ȉg/L 

(Sanderson e al., 2008).  

BCF = 600  
(Sanderson et al., 
2007).  

(Sanderson et al., 
2007).  
HC5 = 10 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

with sa me toxicity as parent 
compound (Barġienƍ et al., 
2014).  
Highly toxic. No information on 
exact effects in fish and rela-
tive intake and detoxification 
rates in fish tissues or other 
marine organisms, such as 
mussels. Also component in 
dumped arsine oil (CHEM SEA, 
2013).  
 

Clark II  
Diphenylarsine cyanide  

MEC :  
Water: No measurable 
quantities of parent 
compounds or degrada-
tion products in the wa-
ter column (HELCOM, 
2013a).  
Sediment:  Derivatives 
or oxidation products 
found in sediments of 
the Baltic Sea (CHEM-
SEA, 2013).  

Log Kow = 3.29  
BCF = 68 
(Sanderson et al., 
2007).  

Predicted LC50 = 1.8 
mg/L (fish); 1.9 mg/L 
(algae) (Sanderson 
et al., 2007).  

 Not readily water soluble. Ad-
sorbs easily onto sediments.  
Highly toxic. Main degradation 
products with same toxicity as 
parent compound (Barġienƍ et 
al., 2014).  

Phenyldichloroarsine  
 

MEC :  
Water: Not detected 
(porewater)  
Sediment:  0.036 mg/kg 
dwt (mean ); 0.606 
mg/kg dwt (max) (Born-
holm dumpsite) (Sand-
erson et al., 2012).   
PEC:  
Water:  18.4 ȉg/L 
(Sanderson e al., 2008).  

Log Kow = 3.06 
(Missiaen et al., 
2010).  
BCF = 45.6 (Sand-
erson et al., 2009).  

HC5 = 100 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

  

Trichloroarsine  MEC :  
Water: Not detected 
(porewater)  
Sediment:  0.019 mg/kg 
dwt (mean); 0.09 

Log Kow = 1.61 
(Missiaen et al., 
2010).  
BCF = 3.5 (Sander-
son et al., 2009).  

HC5 = 100 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

 Gives rise to inorganic arsenic 
compounds upon hydrolysis, 
which are indistinguishable 
from any naturally occurring 
arsenic compounds (HELCOM, 
2013a).  
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mg/kg dwt (max) (Born-
holm dumpsite) (Sand-
erson et al., 2012).   
PEC:  
Water:  1.8 ȉg/L 
(Sanderson e al., 2008).  

Triphenylarsine  MEC :  
Water: Not detected 

(porewater)  
Sediment:  0.01 mg/kg 
dwt (mean); 0.017 
mg/kg dwt (max) (Born-
holm dumpsite) (Sand-
erson et al., 2012).   
PEC:  
Water:  1.8 ȉg/L 
(Sanderson e al., 2008).  

Log Kow = 5.97 
(Missiaen et al., 

2010).  
BCF = 7901 (Sand-
erson et al., 2009).  
 

HC5 = 0.5 ȉg/L (fish 
community) (Sander-

son et al., 2008).  

 High tendency to adsorb to 
sediments. Not prone to hy-

drolysis. Considered as a sig-
nature compound for arsine oil 
(HELCOM, 2013a).  
Thought to pose the highest 
risk to the fish communit y 
among CWA dumped in the 
Baltic. No information on exact 
effects in fish and relative in-
take and detoxification rates in 
fish tissues or other marine or-
ganisms, such as mussels 
(CHEMSEA, 2013).  
 

Lachrymatory agent  

Tear gas   
Ŭ-chloroacetophenone  

Not detected in sedi-
ments and porewater of 
the Bornholm dumpsite 
(Sanderson et al., 
2012).  
PEC:  
Water:  9.3 ȉg/L 
(Sanderson e al., 2008).  

Log Kow = 1.93  
BCF = 0.8 
(Sanderson et al., 
2007).  

Predicted LC50 = 17 
mg/L (fish); 8.5 mg/L 
(algae) (Sanderson 
et al., 2007).  
HC5 = 500 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

 Not easily soluble in water and 
hyd rolyzes slowly, but pro-
duces non - toxic and non -per-
sistent degradation products 
(HELCOM, 2013a).  

Choking agents  

Chlorine (Cl 2)     10 µg/l (UK 
MAC-EQS, to-
tal residual 
oxidant) 
(SEPA, 2014).  

Non persistent.  

Phosgene  
Carbonyl dichloride  

 Log Kow = -0.71  
BCF = 3.1 
(Sanderson et al., 
2007).  

Predicted LC50 = 989 
mg/L (fish) (Sander-
son et al., 2007).  

 Hydrolyses quickly and de-
grades to non -hazardous com-
pounds, posing no a large 
threat to the marine environ-
ment (Theobald, 2002).  

Diphosgene   Log Kow = 1.49  
BCF = 2.8 
(Sanderson et al., 
2007).  

Predicted LC50 = 
88.7 mg/L (fish) 
(Sanderson et al., 
2007).  

 Potentially persistent (Sander-
son et al., 2007).  

https://en.wikipedia.org/wiki/Lachrymatory_agent
https://en.wikipedia.org/wiki/Tear_gas
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Nerve agents  

Cyclosarin  
Cyclohexyl methylphosphonofluori-
date  

 Log Kow = 1.6  
BCF = 3.4 
(Sanderson et al., 
2007).  

Predicted LC50 = 
22.5 mg/L (fish); 2.7 
mg/L (algae) (Sand-
erson et al., 2007).  

 Potentially persistent (Sander-
son et al., 2007).  

Sarin  
Isopropyl methylphosphonoflouridate  

 Log Kow = 0.3  
BCF = 3.1 
(Sanderson et al., 
2007).  

Predicted LC50 = 
89.6 mg/L (fish ); 
10.3 mg/L (algae) 
(Sanderson et al., 
2007).  

 Able to accumulate in bivalve 
molluscs resistant to acetyl-
cholinesterase (AChE) inhibi-
tion (Sanderson et al., 2007).  

Soman  
Pinacolyl methylphosphonofluoridate  

 Log Kow = 1.82  
BCF = 4.68 
(Sanderson et al., 
2007).  

Predicted LC50 = 23 
mg/L (fish); 2.7 mg/L 
(algae) (Sanderson 
et al., 2007).  

 Potentially persistent. Able to 
accumulate in bivalve molluscs 
resistant to AChE inhibition 
(Sanderson et al., 2007).  

Tabun  
N,N -dimethyl phosphoroamidocyani-
date  

Not detected in sedi-
ments and porewater of 
the Bornholm dumpsite 
(Sanderson et al., 
2012).  

Log Kow = 0.29  
BCF = 3.16 
(Sanderson et al., 
2007).  

Predicted LC50 = 
97.7 mg/L (fish); 
11.3 mg/L (algae) 
(Sanderson et al., 
2007).  

 Soluble in water, it would be 
rapidly  mixed with sea water 
and diluted, thus having a very 
short - term effect (OSPAR, 
2010c).  

VG 
O,O-diethyl S - [2 - (diethylamino)ethyl] 
phosphorothioate  

 Log Kow = 1.7  
BCF = 4.1 
(Sanderson et al., 
2007).  

Predicted LC50 = 
27.8 mg/L (fish); 2.9 
mg/L (algae) (Sand-
erson et al., 2007).  

 Potentially persistent (Sander-
son et al., 2007).  

VM 
S- [2 - (diethylamino)ethyl] O -ethyl 
methylphosphonothioate  

 Log Kow = 1.23  
BCF = 1.7 
(Sanderson et al., 
2007).  

Predicted LC50 = 47 
mg/L (fish); 5.5 mg/L 
(algae) (Sanderson 
et al. , 2007).  

 Potentially persistent (Sander-
son et al., 2007).  

VX  
O-ethyl S - [2 - (diisopropylamino)ethyl] 
methylphosphonothioate  

 Log Kow = 2.09  
BCF = 8.1 
(Sanderson et al., 
2007).  

Predicted LC50 = 
13.8 mg/L (fish); 2.3 
mg/L (algae) (Sand-
erson et al., 2007).  

 Potentially persistent. Hydroly-
sis products predicted to be 10 
and 30 times more toxic to-
wards aquatic species than the 
parent compound (Sanderson 
et al., 2007).  

Blood agents  

Hydrogen cyanide (HCN)   Log Kow = ī0.69  
BCF = 3.16 
(Sanderson et al., 
2007).  

HC5 = 1 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

1 µg/l (UK AA -
EQS); 5 µg/l 
(UK MAC -
EQS) (SEPA, 

2014).  

Dissolves in the alkaline sea-
water as cyanide. While effects 
on the immediate environment 
are possible upon release, it is 

easily and quickly degraded 
and dissipates in the marine 
environment (HELCOM, 
2013a).  

Additives  
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Chlorobenzene  Up to 17.9 µg/kg ww in 
few sediment samples 
of the Bornholm 
dumpsite (Missiaen et 
al., 2010).  

Log Kow = 2.64 -
2.84 (Missiaen et 
al., 2010).  
 

HC5 = 100 ȉg/L (fish 
community) (Sander-
son et al., 2008).  

 Stable, highly resistant to hy-
drolysis and oxidation (Mis-
siaen et al., 2010).  

Conventional Munitions  

Nitroaromatic Explosives  

TNT 
2,4,6 - trinitrotoluene  

Not detected (LOD < 
5pg/ȉL) in fish samples 
from Adriatic dumpsites 
(REDCOD, 2006).  

Log Kow = 1.6 -2.7 
(Pascoe et al., 
2010).  
BCF = 0.31 -9.71 
(Lotufo et al., 
2013).  

Algae:  
EC50 = 0.61 mg/L 
(Ulva fasciata, 
germling growth).  
Invertebrates:  
4d LC50 = 0.98 mg/L 
(Americamysis ba-
hia ); 19.5 mg/L 
(Mytilus galloprovin-
cialis , adult ); 3.6 
mg/L  (Leptocheirus 
plumulosus );  7.6 
mg/L ( Nitocra spini-
pes ); 4.5 ( Eohausto-
rius estuarius ); 8.2 
mg/L ( Crassostrea 
gigas , larvae).  
7d LC50 = 5.6 mg/L 
(Dinophilus gyrocilia-
tus ).  
2d EC50 = 075 mg/L 
(Mytilus galloprovin-
cialis , em bryo devel-
opment); 12 mg/L 
(Arbacia punctulata , 
embryo develop-
ment).  
4d EC50 = 55 mg/L 
(Schizopera knabeni , 
reproduction).  
7d EC50 = 1.1 mg/L 

(Dinophilus gyrocilia-
tus , reproduction).  
LOEC = 38 mg/Kg 
sediment ( Eohausto-
rius estuarius ); 228 
mg/Kg sediment 
(Leptocheirus  

1.1 -12.8 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

By far mostly used, but there is 
paucity of data for the marine 
environment.  
Breaks down very slowly in wa-
ter, but once dissolved it will 
decompose easily. Leakage to 
seawater significantly reduced 
when TNT is covered with fine -
grained sediment (Ek et al. , 
2007).  
Acute toxicity values derived 
for marine organisms compa-
rable to those derived for 
freshwater organisms (Lotufo 
et al., 2013). To date, no evi-
dence of significant ecological 
effects, maybe because con-
tainers have not yet corroded 
(Beddington and Kinloch, 
2005).  
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Plumulosus ); 508 
mg/Kg sediment ( Ne-
anthes arenaceoden-
tata )  
Fish:  
2d LC50 = 7.6 mg/L 
(Sciaenops ocella-
tus ).  
5d LC50 = 1.7 mg/L 
(Cyprinodon varie-
gatus )  (Lotufo et al., 
2013).  

Tetryl  
2,4,6 - trinitrophenylmethylnitramine   

 Log Kow = 2.04.  
No BCF data for 
aquatic organisms, 
but potential for bi-
oconcentration con-
sidered low (Lotufo 
et al., 2013).  

Algae:  
4d EC50 = 0.20 mg/L 
(Ulva fasciata, 
germling growth).  
Invertebrates:  
2d EC50 = 0.05 mg/L 
(Arbacia punctulata , 
embryro develop-
ment ).  
7d EC50 = 0.01 mg/L 
(Dinophilus gyrocilia-
tus , reproduction ).  
4d LC50 = 0.37 mg/L 
(Americamysis ba-
hia ).  
7d LC50 = 0.03 mg/L 
(Dinophilus gyrocilia-
tus , reproduction ).  
LOEC = 4 mg/Kg  
(Ampelisca abdita , 
sandy sediment).  
Fish:   
2d LC50 = 1.1 mg/L 
(Sciaenops ocellatus ) 
(Lotufo et al., 2013).  

0.6 -6.1 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

Photolysis and hydrolysis are 
major environmental transfor-
mation processes in aqueous 
media. Altho ugh no data for 
the bioaccumulation in marine 
or freshwater fish and inverte-
brates were found, the poten-
tial for bioconcentration in 
aquatic organisms is consid-
ered low (Lotufo et al., 2013).  
Low solubility in water, and a 
tendency to sorb to organic 
carbon (Briggs et al., 2016 ).  

Explosive D (Ammonium Picrate)   No data.    Highly soluble in water, low 
tendency to partition from wa-
ter to organic sediment (Briggs 
et al.,  2016 ).  

Picric Acid   
2,4,6 - trinitrophenol  

 Log Kow = 1.33.  
No BCF data for 
aquatic organisms, 
but potential for bi-

Algae:  
4d EC50 = 94 mg/L 
(Ulva fasciata, 
germling growth) 
(Lotufo et al., 2013).  

340 mg/kg 
OC (SQB OC) 
(Pascoe et al., 
2010).  

Degrades to many identifiable 
transformation products, e.g. 
2,4 -dinitrophenol and picramic 
acid, which are more toxic than 
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oconcentration con-
sidered low (Lotufo 
et al., 2013).  

Invertebrates:  
NOEC = 9.2 mg/L 
(Americamysis bahia , 
juvenile survival) 
(Pascoe et al., 2010).  
2d EC50 = 281 mg/L 
(Arbacia punctulata , 
embryo develop-
ment).  
4d EC50 = 60 mg/L 
(Schizopera knabeni , 
reproduction).  
6d EC50 = 28 mg/L 
(Crassostrea virgin-
ica , shell deposition).  
7d EC50 = 155 mg/L 

(Dinophilus gyrocilia-
tus , reproduction ).  
4d LC50 = 13 mg/L 
(Americamysis ba-
hia ).  
7d LC50 = 265 mg/L 
(Dinophilus gyrocilia-
tus ).  
LOEC = 162 mg/Kg 
(Ampelisca abdita , 
sandy sediment).  
Fish:   
2d LC50 = 127 mg/L 
(Sciaenops ocella-
tus ).  
4d LC50 = 130 mg/L  
(Cyprinodon varie-
gatus )  (Lotufo et al., 
2013).  

the parent compound (Pascoe 
et al., 2010) .  
Binds to sediment and resist 
hydrolysis, biodegradation and 
photolysis (Lotufo et al., 
2013).  

Nitramine Explosives  

HMX (High Melting Explosive)   
Octahydro -1,3,5,7 - tetranitro -1,3,5,7 -  
tetrazocine  

 Log Kow = 0.17 
(Lotufo et al., 
2013).  

Concentrations at  or 
near the solubility 
limit do not cause 
have significant le-
thal or sublethal ef-
fects in marine spe-
cies (Lotufo et al., 
2013).  

0.38 -42.9 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

Resides on the water body floor 
as a solid with dissolution into 
the water co lumn over time 
(Lotufo et al., 2013).  
In the laboratory, dissolution, 
transformation and absorption 
rates in close agreement in 
fresh and saline waters (Bed-
dington and Kinloch, 2005).  
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RDX (Royal Demolition Explosive)  
Hexahydro -1,3,5 - trinitro -1,3,5 - tria-
zine  

 Log Kow = 0.9.  
BCF = 0.7 -1.7 
(Lotufo et al., 
2013).  

Algae:  
4d EC50 = 8.1 mg/L 
(Ulva fasciata, 
germling growth) 
(Lotufo et al., 2013).  
Invertebrates:  
4d LC50 = 2.4 mg/L 
(Citharichthys 
stigmaeus ).  
7d EC50 = 26 mg/L 
(Dinophilus gyrocilia-
tus , reproduction).  
Fish:   
4d LC50 = 9.8 mg/L 
(Cyprinodon varie-
gatus ); 7.1 mg/L 

(Menidia beryllina ) 
(Lotufo et al., 2013).  

1.2 -7.8 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

In the laboratory, dissolution, 
transformation and absorption 
rates in close agreement in 
fresh and saline waters (Bed-
dington and Kinloch, 2005).  
Expected to weakly sorb to sol-
ids when released to water. 
Degradation by hydrolysis at a 
slow rate (Briggs et al.,  2016 ).  

Propellants/plasticizers/stabilizers  

DEGDN  
Diethylene glycol dinitrate  

 Log  Kow = 0.98.  
No BCF data for 
aquatic organisms, 
but potential for bi-
oconcentration con-
sidered low (Lotufo 
et al., 2013).  

No marine toxicity 
data. LC50 values for 
freshwater organ-
isms from 90.1 -491 
mg/L (Lotufo et al., 
2013).  
 

 Stable compound once dis-
solve d in water (Lotufo et al., 
2013).  

Diphenylamine   Log Kow = 3.42 
(Pascoe et al., 
2010).  

No marine toxicity 
data. 48h EC50 = 1.2 
mg/L ( Daphnia 
magna ) (Pascoe et 
al., 2010).  

280 mg/kg 
OC (SQB OC) 
(Pascoe et al., 
2010).  

 

Nitrocellulose   No data.  No marine toxicity 
data. In freshwater 
organisms, no acute 
toxicity at 1000 mg/L 
(Lotufo et al., 2013).  

 Very recalcitrant to microbial 
degradation (Lotufo et al., 
2013).  

Nitroglycerin  
 

 Log Kow = 1.62.  
No BCF data for 
aquatic organisms, 
but potential for bi-
oconcen tration con-
sidered low (Lotufo 
et al., 2013).  

No marine toxicity 
data. LC50 = 0.7 
mg/L and LOEC = 16 
mg/L for freshwater 
organisms (Lotufo et 
al., 2013).  

127 -581 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  
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Nitroguanidine   Log Kow = -0.89.  
No BCF data for 
aquatic organisms, 
but potential for bi-
oconcentration con-
sidered low (Lotufo 
et al., 2013).  

In water, no lethal ef-
fect to a marine co-
pepod at 683 mg/L 
(Lotufo et al., 2013).  

35 -6500 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

Negligible degradation (Lotufo 
et al., 2013).  

PETN  

Pentaerythrite tetranitrate  

 Log Kow = 1.61 -

3.71 (Pascoe et al., 
2010; Lotufo et al., 
2013).  
No BCF data for 
aquatic organisms, 
but potential for bi-
oconcentration con-
sidered low (Lotufo 
et al., 2013).  

In water, no lethal ef-

fect to a marine co-
pepod at 32 mg/L 
(Lotufo et al., 2013).  

32533 -

152150 
mg/kg OC 
(SQB OC) (Pas-
coe et al., 
2010).  

Not prone to hydrolyze at am-

bient temperature and recalci-
trant to microbial degradation 
(Lotufo et al., 2013).  

Incendiary devices  

White phosphorus  Not found in sediments 
and biota samples from 
NE Ireland (Beaufortôs 
Dyke explosives dis-
posal site) (REDCOD, 
2006).  

Log Kow = 1.2 
(HELCOM, 2013a).  

  Extremely poisonous to various 
organisms. Highly flammable, 
may spontaneously ignite on 
contact with air. Occur s as 
solid and can be washed up 
onto beaches, posing a risk for 
beach goers (HELCOM, 2013a).  

 

MEC: Measured environmental concentrations; PEC: Predicted environmental concentrations; dwt: dry weight; wwt: wet weight; LO D: Limit of detection.  
Log Kow (log octanol/water partition coefficient) reflects the chemical's tendency to bioaccumulate in organisms.  
BCF (Bioconcentration Factor) reflects the extent to which pollutants concentrate from water into aquatic organisms.  
LC50 (Median lethal concentration); EC50 (Median effective concentration); LOEC (Lowest observed effect concentration); NOEC (No effect concentration); HC5 (Conc entra-
tions at which the acute toxicity LC50/EC50 is exceeded for 95% of species tested).  

SQB (Sediment quality benchmark); OC (Orga nic carbon).  
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3.6  OFFSHORE RENEWABLE ENERGY GENERATION  

The need to combat climate change, ocean acidification, and energy  security, has led  to 

the exploration and development of  new and renewable sources  of energy  generation from 

the ocean . One of the major challenges  to building and deploying offshore renewable en-

ergy structures  (wind, wave and tidal energy devices) is to understand the  potential  effects 

of those  devices on the marine environment.  Main concerns are related to the increase of  

noise levels and risks of collisions  with marine animals (Bailey et al., 2014).  Pollution by 

chemicals might also be a problem due to the increased vessel traffic and associated po-

tential spills or from disturbance of seabed sediments . Pollution r isk s do also exist  during 

routine and maintenance operation s, including leaching of chemicals f rom antifouling 

paints and acci dental spills of hydraulic fluid or lubricant oil from operational devices 

(Bonar et al., 2015). Organic or metal pollutants associated wi th the infrastructure used 

for electrical signals, and metals as soci ated with sacrificial anodes might be also released 

into the surrounding environment  (Bejarano et al., 2013; California State Lands Commis-

sion, 2013; Copping et al., 2015).  The main contam inants potentially discharged from 

marine renewable energy device s are showed in the table 8.  

 

Table 8 . Substances  potentially released from marine renewable energy devices . 

Metals  

Aluminum  
Copper  
Mercury  
Zinc  

Booster biocides  
Diuron  
I rgarol  

Diesel fuel  
BTEX  
PAHs (e.g. naphthalene )  

Dielectric fluids  

Silicone fluids (e.g. polydimethylsiloxane)  
Mineral oils  (e.g. n aphthenic oil )  
Vegetable oils  (e.g. b iodiesel , s oybean oil , c anola oil , c orn oil , s unflower oil )  
Syn thetic esters (e.g. MIDEL 7131 , p entaerythritol )  

Coolants , anti - freezer 
and sloshing damper  

Ethylene glycol  
Propylene glycol  

Electrolytes  Sulfuric acid  

3.7  SHIPWRECKS  

Throughout history, the occurrence of severe weather, armed conflict or human error has 

left a legacy of thousands of sunken vessels  across the oceans  (Rogowska  et al., 2010).  

Most  sunken wrecks are deteriorating  and their metal plates are corroding , hence threating 

to  release  their contents into the sea . Main concerns are related to oil since a  fully - fuelled 

vessel may c arry thousands of tonnes  of fuel .  25% of the potentially polluting wrecks 

worldwide  are estimated to be in the North Atlantic Ocean  and 4%  in the Mediterranean . 

These wrecks are believed  to contain nearly 43 % of the total volume of oil trapped in 

sunken vessels  (CoE, 2012 ) . Yet  shipwreck - related pollution  risk s are not limited to oil and 

may  also  come  from other chemicals such as metals  and metalloids  (e.g.  arsenic, cad-

mium, copper, chromium, lead, mercury, and zinc ) , PCBs, asbestos, biocides, PVC, and 

ra dioactive waste (Alcaro et al., 2007; Annibaldi et al., 2011; Landquist et al., 2013 ; 

Sprovieri et al., 2013).     

The need for a common policy on the treatment and removal of wrecks has long been a 

topic of discussion under IMO . The Nairobi International Convention on the Removal of 
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Wrecks of 2007 (Nairobi Convention) 54  provides a harmoni zed  legal framework for dealing 

with the issue of removal of wrecks that may affect adversely the safety of lives, goods 

and property at sea, as w ell as the marine environment .  

3.8  SEABED MINING  

The amount of minerals at the ocean floor is potentially enormous . Seabed mining is con-

cerned with the retrieval of these mi nerals to ensure security of supply and  fill a gap in 

the market where either recycling is not possible or adequate, or the burden on terrestrial 

mines is too great. By 2020, deep seabed mining could provide 5% of the world's minerals, 

including cobalt, copper and zinc and this could rise to 10%  by 2030 55 .  

The regulations governing deep sea mining activities depend on whether they take place 

inside or outside the jurisdictional waters of a sovereign state. When operating within the 

Exclusive Economic Zone (EEZ) (up to 200 nautical miles from the territorial sea baseline) 

of a certain country, mining activities are subject to the country's internal legislation. 

However, when deep sea mining operations occur in the international seabed (the "Areaò 

which is the seabed and ocean floor and subsoil thereof beyond t he limits of national 

jurisdiction), the rules of the 1982 UNCLOS apply. Compliance with these rules is checked 

by the International Seabed Authority (ISA) 56 , an intergovernmental body established un-

der UNCLOS. Deep sea mining is not directly addressed in E U law and actually most of the 

EU legal instruments potentially relevant to this activity are concerned with environmental 

protection. Thus, the MSFD can constitute an important mechanism for regulating the 

environmental aspects of potential deep sea minin g operations (EC, 2014).  

The number of contracts granted by ISA to explore minerals on the seabed has increased 

greatly in latest years and commercial exploitation is planned to begin in the near future 

(Jaeckel, 2015). The main deep sea mineral deposits subject of commercial interest are 

seafloor massive sulphides, manganese nodules and cobalt - rich ferromanganese crusts. 

Certain types of rare earth elements have been also more recently found in high concen-

trations within seafloor muds in the southeast and  equatorial Pacific Ocean at about 5000m 

water depths (EC, 2014).  

Sea- floor massive sulphides form as a result of hydrothermal activity. Their composition 

is highly variable, and not all elements contained are of commercial interest. The com-

modities which  are expected to be mined include copper and zinc, and valuable metals 

such as gold and silver. Other trace elements, such as bismuth, cadmium, gallium, ger-

manium, antimony, tellurium, thallium, and indium, are normally present in low quantities, 

but can b e significantly enriched in some deposits, especially those that form at volcanic 

arcs. With the exception of a few deposits that have been drilled through the Ocean Drilling 

Program or by commercial or scientific projects, little is known about the interi ors of most 

SMS deposits (Hein and Petersen, 2013a; EC, 2014).  

Manganese nodules are concretions of iron and manganese hydroxides and are most abun-

dant in the abyssal areas of the ocean (4000 -6500 m water depth). Manganese, or more 

accurately polymetallic,  nodules contain significant concentrations of metals of high eco-

nomic interest such as nickel, copper, cobalt, manganese. There are also traces of other 

valuable metals, such as molybdenum, rare -earth elements, and lithium (Hein and Pe-

tersen, 2013b).  

Cobalt - rich ferromanganese crusts are formed by the precipitation of manganese and iron 

from cold seawater. Cobalt, the trace metal of greatest economic interest, can be up to 2 

                                                           

54 ht tp://www.imo.org/en/About/Conventions/ListOfConventions/Pages/ Nairobi - Interna-

tional -Convention -on - the -Removal -of -Wrecks.aspx  
55  http://ec.europa.eu/maritimeaffairs/policy/seabed_mining/index_en.htm  
56  International Seabed Authority (ISA). https://www.isa.org.jm  
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per cent. The crusts also contain the highest concentrations of the rare metal te llurium, 

which is used in the solar cell industry to produce thin - film photovoltaics. Little is known 

about the abundance of ferromanganese crusts in most areas of the global ocean (Hein 

and Petersen, 2013c).  

Besides the potential for new mineral resources , s eabed mining also raises serious envi-

ronmental concerns. The physical activity of the mining machine, the movement of the 

unconsolidated sediment drape, and the dewatering process may generate contaminant 

plumes whose  spatial distributi on will depend on the mining activity and the strength of 

surface and bottom currents  (Coffey, 2008; Clark and Smith, 2013). Accidental hydraulic 

fluid leaks, fuel and ore spills may also result in the release of chemicals into the marine 

environment (Hunter and Taylor, 2014). One of the main  concerns is related to the release 

of metals (e.g. zinc, copper, cadmium, and mercury ) (Boschen et al., 2013). Moreover , 

several chemi cals used during ore processing can be also emitted into the aquatic envi-

ronment. Process chemicals include flotation agents (e.g.  xanthate salts and Lilaflot )  and 

flocculants (e.g.  polyacrylamide ) . These substances are considered to be very toxic to 

aquat ic biota , but  little is known about their effects on marine wildlife (Olsvik et al., 2015; 

Ramirez -Llodra et al., 2015). The MIDAS project 57 ,  funded in 2013 under the European 

Commission's Framework 7 programme , aims at investigating  the nature and scales o f the 

potential environmental impacts of extracting mineral and energy resources from the deep 

sea environment, including the toxic chemicals that might be released and their effects. 

This kind of information is essential to develop sustainable guidelines and regulations for 

managing deep sea mining activities (Hunter and Taylor, 2014).

                                                           

57  MIDAS (Managing Impacts of Deep -seA reSource exploitation). http://www.eu -

midas.net/  
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4  RESULTS  

The table 9 presents the list of chemical contaminants identified by Tornero and Hanke ( in 

press )  as potentially released into the marine environment from sea -based anthropogenic 

activities.  It contains  276 substances  with their Chemical Abstracts Service  (CAS)  identifi-

cation number and major sea -based sources  and  separated into five main groups : met-

als/metalloids, organometallic compounds, inorganic compounds, organic compounds, and 

radionuclides.  This table also provides an overview of the current legislative and regulatory 

frameworks and manag erial activities dealing with  these substances in Europea n ma rine 

waters.  

Furthermore , and in order to have a complete overview of the substances prioritized at 

European level,  the table 10  provides a list of  WFD PS and RSC priority contaminants for 

which no relevant sea -based sources have been identified.  
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Table 9 . Sea-based sourced  chemical contaminants  and their consideration under relevant legislative/regulatory frameworks and RSCs in European marine water s (as 
published in Tornero and Hanke, in press ) . 

Substance  CAS  
number  

Potential sea - based  
source  

Legislative/  
regulatory  
framework  

HELCOM  OSPAR  Barcelona  
Convention  

Black Sea 
Commission  
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Metals/Metalloids  

Aluminum  7429 -90 -5 X   X   X      BSIMAP (op-
tional).  

Arsenic  7440 -38 -2 X X X   X  X  Recommendation 
36/2.  

Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Barium  7440 -39 -3   X       Recommendation 
18/2.  

Agreement  14 -
05.  

  

Cadmium and its com-
pounds  

7440 -43 -9 X  X  X X  X WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 

substances.  
BSAP specific 
concern in the 
Baltic Sea.  
Recommendation 
36/2.               
Recommendation 
18/2.  

Chemical for Pri-
ority Action (part 

A).  
Monitoring under 
CEMP.  
Agreement 
2014 -06.  
Agreement 14 -
05.  

UNEP/MAP 
MED POL 

monitoring 
programme.  

BSIMAP 
(mandatory).  
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Chromium  7440 -47 -3 X  X   X  X  Recommendation 
36/2. Recom-
mendation 18/2.  

Agreement 
2014 -06.  
Agreement 14 -
05.  

 BSIMAP (op-
tional).  

Cobalt  7440 -48 -4  X           BSIMAP (op-
tional).  

Copper  7440 -50 -8 X X X X X X X X BPD (existing 
active sub-
stance, dossier 
under review).  

Recommendation 
36/2.               
Recommendation 
18/2.  

Agreement 
2014 -06.  
PARCOM Recom-
mendation 94/6.  
Agreement 14 -
05.  

 BSIMAP 
(mandatory).  

Iron  7439 -89 -6 X X X    X    Agreement 14 -
05.  

 BSIMAP (op-
tional).  

Lead and its compounds  7439 -92 -1 X  X   X X X WFD PS.  Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.                
Recommendation 
18/2.  

Chemical for Pri-
ority Action (part 
A).  
Monitoring under 
CEMP.  
Agreement 
2014 -06.  
Agreement 14 -
05.  

UNEP/MAP 
MED POL 
monitoring 
programme.  

BSIMAP 
(mandatory).  

Magnesium  7439 -95 -4  X            

Manganese  7439 -96 -5 X X X          BSIMAP (op-
tional).  

Mercury  and its com-
pounds  

7439 -97 -6   X  X X  X WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  
BSAP specific 
concern in the 
Baltic Sea.  
Recommendation 
36/2.  
Recommendation 
18/2.  

Chemical for Pri-
ority Action (part 
A).  
Monitoring under 
CEMP.  
Agreement  
2014 -06.  
Agreement 14 -
05.  

UNEP/MAP 
MED POL 
monitoring 
programme.  

BSIMAP 
(mandatory).  

Molybdenum  7439 -98 -7   X           

Nickel and its com-

pounds  

7440 -02 -0 X  X   X X  WFD PS.  Recommendation 

36/2.  

Agreement 

2014 -06.  
Agreement 14 -
05.  

 BSIMAP (op-

tional).  

Selenium  7782 -49 -2  X            

Tin  7440 -31 -5       X       

Tungsten  7440 -33 -7       X       

Vanadium  7440 -62 -2 X  X           



 

74 

 

Zinc  7440 -66 -6 X X X X X X X X  Recommendation 
36/2.  

Agreement 
2014 -06.  
PARCOM Recom-
mendation 94/6.  
Agreement 14 -
05.  

 BSIMAP  (op-
tional).  

Organometallic compounds  

Copper pyrithione  14915 -37 -8 X X       BPD (existing 
active sub-
stance, dossier 
under review).  

    

Dibutyltin (DBT)  1002 -53 -5 X       X WFD PS     

Monobutyltin (MBT)  78763 -54 -9 X       X WFD PS     

TPBP (KH101) (tri-
phenylborane pyridine)  

971 -66 -4 X        BPD (not identi-
fied as biocidal 
product).  

    

Tributyl phosphate  126 -73 -8   X           

Tributyltin compounds 
(tributyltin -cation)  

36643 -28 -4 X     X  X 
 

WFD PS.  
WFD PHS: tribu-
tyltin -cation.  
BPD (globally 
banned).  

Core indicators 
for hazardous 
substances.  
BSAP specific 
concern in the 
Baltic Sea.  
Recommendation 
36/2.  

Chemical for Pri-
ority Action (part 
A): organic tin 
compounds.  
Monitoring under 
CEMP. 

  

Triphenyl tin (TPhT)  668 -34 -8      X     Substance of 
Possible Concern 
(section B).  
Agreement 
2014 -06.  

  

Zinc pyrithione  13463 -41 -7 X X       BPD (notified 
substance, dos-
sier submitted, 
and pending ap-
proval).  

    

Zineb  12122 -67 -7 X X       BPD (approved 
as active sub-
stance for prod-
uct type 21).  

    

Ziram  137 -30 -4 X        BPD (non - inclu-
sion into Annex I 
or Ia; not al-
lowed in formu-
lations placed on 
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the market since 
2008).  

Inorganic compounds  

Copper (I) oxide (Cu2O)  1317 -39 -1  X            

Ammonia  7664 -41 -7 X             

Ammonium bisulfite  10192 -30 -0   X        Agreement 
2013 -06.  

  

Barite (barium sulfate)  13462 -86 -7   X        Agreement 
2013 -06.  

  

Basic zinc carbonate  5970 -47 -8   X           

Bentonite (sodium 
montmorillonite)  

1302 -78 -9   X        Agreement 
2013 -06.  

  

Calcite (calcium car-
bonate, limestone)  

471 -34 -1   X        Agreement 
2013 -06.  

  

Chlorine (Cl2)  7782 -50 -5       X  CWC (agent 
banned in war-
fare).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Chromium trioxide  1333 -82 -0 X        BPD (not appli-
cable as product 
type 21).  

    

Copper thiocyanate  1111 -67 -7 X        BPD (existing 
active sub-
stance, dossier 
under review).  

    

Hematite (diiron triox-
ide)  

1309 -37 -1   X        Agreement 
2013 -06.  

  

Hydrogen peroxide  7722 -84 -1  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
required).  

 PARCOM Recom-
mendation 94/6.  

  

Ilmenite (iron titanium 
oxide)  

12168 -52 -4   X        Agreement 
2013 -06.  

  

Iodophoros  25655 -41 -8  X       Com. Reg. 

37/2010 (al-
lowed sub-
stance, MRL  not 
required).  

 PARCOM Recom-

mendation 94/6.  

  

Lime (calcium oxide)  1305 -78 -8   X        Agreement 
2013 -06.  

  

Phosphoric acid  7664 -38 -2 X             
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Potassium chloride (mu-
riate of potash)  

7447 -40 -7   X        Agreement 
2013 -06.  

  

Sodium hydroxide 
(caustic soda)  

1310 -73 -2 X  X           

Sulfuric acid  7664 -93 -9 X   X          

Titanium dioxide  13463 -67 -7       X  Titanium Dioxide 
Directives.  

 PARCOM Recom-
mendation 84/1.  

  

Trichloroarsine  7784 -34 -1       X  CWC (schedule 
2).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Triiron tetraoxide  1317 -61 -9   X        Agreement 
2013 -06.  

  

White phosphorus  12185 -10 -3       X  CCWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Zinc oxide  1314 -13 -2   X           

Organic compounds  

1-dodecanol  112 -53 -8 X             

1-nonanol (nonyl alco-
hol)  

143 -08 -8 X             

2-butoxyethanol  111 -76 -2 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-
sants Inven-
tory).  

    

2,6 -ditert -butyl -4-
methylphenol (bu-
tylated hydroxytoluene)  

128 -37 -0  X       Recommended 
for the first WFD 
Watch List. Reg. 
1881/2003, an-
nex I.  

    

2- imidazoline  504 -75 -6    X           

Acenaphtene  83 -32 -9   X       Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  
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Acenaphtylene  208 -96 -8   X       Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  

  

Acetic acid  55896 -93 -0 X  X        Agreement 14 -
05.  
Agreement 
2013 -06.  

  

Acrylonitrile  107 -13 -1 X             

Adamsite  
 

578 -94 -9       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Alkyl (C5 ïC8, C9) 
benzenes  

Not  applica-
ble  

X             

Alkylacrylate sulfonate 
derivatives  

Not applica-
ble  

  X           

Aluminum stearate  7047 -84 -9   X           

Amides  Not applica-
ble  

  X           

Amines  Not applica-
ble  

  X           

Ammonium picrate  131 -74 -8       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Amoxicillin  26787 -78 -0  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Aniline  62 -53 -3 X             

Anthracene  120 -12 -7   X   X   WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  

  

Asbestos  1332 -21 -4        X      
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Astaxanthin  472 -61 -7  X       Reg. 
1881/2003, an-
nex I (author-
ized additive).  

    

Azamethiphos  35575 -96 -3  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 

required).  

 PARCOM Recom-
mendation 94/6.  

  

Benz(a)anthracene  56 -55 -3   X   X    Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Benzene  71 -43 -2 X  X X   X  WFD PS.   Agreement 14 -
05.  

  

Benzo(a)pyrene  50 -32 -8      X   WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Benzo(b)fluoranthene  205 -99 -2   X      WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  

  

Benzo(g,h,i)perylene  191 -24 -2   X   X   WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Benzo(k)fluoranthene  205 -99 -2   X      WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  

  

Benzocaine  94 -09 -7  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
required).  

 PARCOM Recom-
mendation 94/6.  

  

Benzoic acid  65 -85 -0   X           

Biodiesel (B100)  67784 -80 -9    X          
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Bis(2 -ethylhexyl) 
adipate  

103 -23 -1 X             

Brominated diphenylet-
ers  

Not applica-
ble  

 X       WFD PS.  
WFD PHS: tetra, 
penta, hexa, 
heptabromodi-
phenylether.  

Core indicators 
for hazardous 
substances: 
PBDE 28, 47, 99, 
100, 153 and 
154.  

BSAP specific 
concern in the 
Baltic Sea: 
penta, octa, and 
decabromodi-
phenylether.  

Chemical for Pri-
ority Action (part 
C): 2,4,6 -bromo-
phenyl 1 -2(2,3 -
dibromo -2-
methylpropyl).  

Monitoring under 
CEMP. 

  

Bronopol  52 -51 -7  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
required).  

 PARCOM Recom-
mendation 94/6.  

  

Butyl Acrylate (all iso-
mers)  

141 -32 -2   X             

Butylated hydroxyani-
sole  

25013 -16 -5  X       Reg. 
1881/2003, an-
nex I.  

 Substance of 
Possible Concern 
(section B).  
 

  

Butyric acid  107 -92 -6   X        Agreement 14 -
05.  

  

Canola  oil  120962 -03 -
0 

X   X          

Canthaxanthin  514 -78 -3  X       Reg. 
1881/2003, an-
nex I.  

    

Capsaicin  
 

404 -86 -4 X      X  BPD (proposed 
candidate as bi-
ocide).  
CWC (agent 
banned in war-
fare).  
 

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Carbon tetrachloride 
(tetrachloromethane)  

56 -23 -5       X  WFD other pollu-
tants.  

    

Carboxymethyl cellulose  9000 -11 -7   X           
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Chloramphenicol  56 -75 -7  X       Com. Reg. 
37/2010 (pro-
hibited sub-
stance).  

    

Chlorobenzene  108 -90 -7       X       

Chlorothalonil  1897 -45 -6 X X       BPD (non - inclu-
sion into Annex I 
or Ia; not al-
lowed in formu-
lations placed on 
the market since 
2008).  

    

Chrysene  218 -01 -9   X   X    Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Clark I  
 

712 -48 -1       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Clark II  
 

23525 -22 -6       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Corn oil  8001 -30 -7 X   X          

Cybutryne (irgarol)  28159 -98 -0 X X  X     WFD PS.  
BPD (existing 
active sub-
stance, dossier 
under review).  

    

Cyclohexane  110 -82 -7 X             

Cyclopentadiene  542 -92 -7 X             

Cyclosarin  
 

329 -99 -7       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
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cally consid-
ered in the 
Dumping 
Protocol.  

Cypermethrin  52315 -07 -8  X       WFD PS: isomer 
mixture of cy-
permethrin, al-
pha -cyperme-

thrin, beta -cy-
permethrin, 
theta -cyperme-
thrin, and zeta -
cypermethrin.  
Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

DCOIT (sea -Nine 211)  64359 -81 -5 X X       BPD (existing 
active sub-
stance, dossier 
under review).  

    

DDTs Not applica-
ble  

 X    X   WFD other pollu-
tants.  

 Agreement 
2014 -06: orga-
nochlorine pesti-
cides.  

UNEP/MAP 
MED POL 
monitoring 
programme.  

BSIMAP 
(mandatory).  

Decanoic acid  334 -48 -5 X             

DEGDN  
 

693 -21 -0       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Deltamethrin  52918 -63 -5  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Dibenzo(a,h)anthracene  53 -70 -3   X       Core indicators 
for hazardous 
substances.  

Substance of 
Possible Concern 
(section A).  
Agreement 14 -
05.  
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Dibenzothiophene  132 -65 -0   X        Substance of 
Possible Concern 
(section A).  
Agreement 14 -
05.  

  

Dichlofluanid  1085 -98 -9 X X       BPD (existing 
active sub-
stance, dossier 

under review).  

    

Dichlorvos  62 -73 -7  X       WFD PS.      

Diesel fuel  68476 -29 -9   X X          

Diethylhexylphthalate 
(DEHP)  

117 -81 -7 X        WFD PS.  
WFD PHS.  

 Chemical for Pri-
ority Action (part 
A).  
Agreement 
2014 -06: charac-
terization of 
phthalates may 
be necessary.  

  

Diþubenzuron 35367 -38 -5  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-

tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Dimethylamine  124 -40 -3   X           

Dimethylphenols  Not applica-
ble  

  X           

Dioxins and dioxin - like 
compounds (sum of 
PCDD+PCDF+PCB -DL)  

Not applica-
ble  

 X    X   WFD PS.  
WFD PHS: 
2,3,7,8 -TCDD, 
1,2,3,7,8 -PCDD, 
1,2,3,4,7,8 -
HCDD, 
1,2,3,6,7,8 -
HCDD, 
1,2,3,7,8,9 -
HCDD, 
1,2,3,4,6,7,8 -
HCDD, 
1,2,3,4,6,7,8,9 -
OCDD, 2,3,7,8 -
TCDF, 1,2,3,7,8 -
PCDF, 2,3,4,7,8 -
PCDF, 
1,2,3,4,7,8 -

Core indicators 
for hazardous 
substances: 
PCBs 28, 52, 
101, 118, 138, 
153, and 180; 
WHO-TEQ of di-
oxins, furans 
+dl -PCBs. 
BSAP specific 
concern in the 
Baltic Sea.  
Recommendation 
36/2: PCB 28, 
52, 101, 118, 
138, 153, and 
180.  

Chemical for Pri-
ority Action (part 
A): PCBs, PCDDs, 
PCDFs. 
Pre-CEMP. 
Agreement 
2014 -06: PCB 
28, 52, 101, 138, 
153, and 180. 
Characterization 
of PCDDs /PCDFs 
may be ne ces-
sary.  
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HCDF, 
1,2,3,6,7,8 -
HCDF, 
1,2,3,7,8,9 -
HCDF, 
2,3,4,6,7,8 -
HCDF, 
1,2,3,4,6,7,8 -
HCDF, 
1,2,3, 4,7,8,9 -
HCDF, 
1,2,3,4,6,7,8,9 -
OCDF, 3,3',4,4' -
TCB, and PCB 
77, 81, 105, 
114, 118, 123, 

126, 156, 157, 
167, 169, and 
189.  

Diphenylamine  122 -39 -4       X  CWC.  HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Diphosgene  503 -38 -8       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Di-propylene glycol 
butyl ether  

29911 -28 -2 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-

sants Inven-
tory).  

    

Di-propylene glycol 
monomethyl ether  

34590 -94 -8 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
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(EMSA Disper-
sants Inven-
tory).  

Distillates (petroleum), 
hydrotreated light (SP 
250)  
 

64742 -47 -8 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-

sants Inven-
tory).  

 Substance of 
Possible Concern 
(section B).  

  

Diuron  330 -54 -1 X X  X     WFD PS.  
BPD (non - inclu-
sion into Annex I 
or Ia; not al-
lowed in formu-
lations placed on 
the market since 
2008).  

    

Emamectin benzoate  155569 -91 -
8 

 X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Enrofloxacin  93106 -60 -6  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Erythromycin   114 -07 -8  X       Recommended 
for the first WFD 
Watch List.  
Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Ethoxyquin  91 -53 -2  X       Reg. 
1881/2003, an-
nex I.  

    

Ethylbenzene  100 -41 -4 X  X X       Agreement 14 -
05.  

  

Ethylene glycol (glycol)  107 -21 -1 X  X X     National rules 
and regulations 
for usage of oil 
spill dispersants 

 Agreement 
2013 -06.  
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(EMSA Disper-
sants Inven-
tory).  

Fatty acids, fish -oil, eth-
oxylated  

103991 -30 -
6 

X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-

sants Inven-
tory).  

    

Florfenicol  73231 -34 -2  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Flumequine  42835 -25 -6  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Fluoranthene  206 -44 -0   X   X   WFD PS.  Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  

  

Fluorene  86 -73 -7   X       Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  

  

Folpet  133 -07 -3 X        BPD (non - inclu-
sion into Annex I 
or Ia; not al-
lowed in formu-
lations placed on 
the market since 
2008).  

    

Formalin  50 -00 -0  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
required).  

 PARCOM Recom-
mendation 94/6.  

  

Formic acid  64 -18 -6   X        Agreement 14 -
05.  
Agreement 
2013 -06.  
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Glutaraldehyde (pen-
tane -1,5 -dial)  

111 -30 -8   X           

Glycerin (glycerol)  56 -81 -5   X        Agreement 
2013 -06.  

  

Graphite  7782 -42 -5   X        Agreement 
2013 -06.  

  

Heptane (all isomers)  142 -82 -5 X             

Hexachlorobenzene 
(HCB)  

118 -74 -1  X       WFD PS.  
WFD PHS.  

 Substance of 
Possible Concern 
(section B).  
 

UNEP/MAP 
MED POL 
monitoring 
programme.  

 

Hexane (all isomers)  110 -54 -3 X             

Hexanoic acid  142 -62 -1   X           

HMX  
 

2691 -41 -0       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Hydrogen cyanide  74 -90 -8       X  CWC (schedule 
3).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Hydroxyethyl cellulose  9004 -62 -0   X        Agreement 
2013 -06.  

  

Indeno(1,2,3, -cd)py-
rene  

193 -39 -5   X   X   WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 

substances.  
Recommendation 
36/2.  

Agreement 
2014 -06.  

Agreement 14 -
05.  

  

Isobutyric acid  79 -31 -2   X        Agreement 14 -
05.  

  

Isononanol  27458 -94 -2 X             

Isovaleric acid  503 -74 -2   X        Agreement 14 -
05.  

  

Ivermectin  70288 -86 -7  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
established for 
fish).  
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Kathon (mixture of 5 -
chloro -2 methyl -4- iso-
thiazolin -3-one and 2 -
methyl -4- isothiazolin -3-
one)  

55965 -84 -9   X           

Lewisite  
 

541 -25 -3       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-

cally consid-
ered in the 
Dumping 
Protocol.  

 

Lignite  129521 -66 -
0 

  X        Agreement 
2013 -06.  

  

Lignosulfonate  8062 -15 -5   X           

Lilaflot (a mixture of N-
(3 - (tridecyloxy)propyl) -
1,3 -propane diamine 
and N -(3 -
(tridecyloxy)propyl) -
1,3 -propane diamine 
acetate)  

22023 -23 -0 
19073 -42 -8 

    X         

Malachite green  569 -64 -2  X       Com. Reg. 

37/2010 (not 
authorized sub-
stance).  

    

Malonic acid  141 -82 -2   X           

Maneb  12427 -38 -2 X        BPD (not identi-
fied as biocidal 
product).  

    

MB554 (mixture of 4 - (2 -
nitrobutyl) morpholine 
and 4,4 - (2 -ethyl -2-ni-
trotrimethylene) dimor-
pholine)  

2224 -44 -4 
1854 -23 -5 

  X           

Medetomidine  86347 -14 -0 X        BPD (new sub-
stance, dossier 
submitted for 

approval as 
product type 
21).  

    

Metacaine  886 -86 -2  X            

Methanol  67 -56 -1 X  X        Agreement 
2013 -06.  
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Methyl tert -butyl ether 
(MTBE)  

1634 -04 -4 X             

Methylphenols (cresols)  1319 -77 -3 X  X           

MIDEL 7131 (synthetic 
ester)  

68424 -31 -7    X          

Nalidixic acid  389 -08 -2  X            

Naphtha (petroleum), 
hydrotreated light  

64742 -49 -0    X          

Naphthalene  91 -20 -3   X X     WFD PS.  Core indicators 
for hazardous 
substances.  

Agreement 14 -
05.  

  

Naphthenic acid  1338 -24 -5   X        Agreement 14 -
05.  

  

Nitrobenzene  98 -95 -3 X             

Nitrocellulose  9004 -70 -0       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Nitrogen mustard  
 

55 -86 -7       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Nitroglycerin  
 

55 -63 -0       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-

cally consid-
ered in the 
Dumping 
Protocol.  

 

Nitroguanidine  556 -88 -7       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Nonane (all isomers)  111 -84 -2 X             

Nonylphenols  Not applica-
ble  

X  X      WFD PS.  
WFD PHS:  

BSAP specific 
concern in the 

Chemical for Pri-
ority Action (part 
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nonylphenol, in-
cluding isomers 
4-nonylphenol 
and 4 -nonylphe-
nol (branched).  

Baltic Sea: 
nonylphe-
nols/ethoxylates.  

A): nonylphe-
nols/ethoxylates 
and related sub-
stances.  
Agreement 14 -
05.  

Octane (all isomers)  111 -65 -9 X             

Octylphenols  Not applica-
ble  

X  X      WFD PS: oc-
tylphenol, in-
cluding isomer 
4-(1,1ô,3,3ô- tet-
ramethylbutyl) -
phenol.  

BSAP specific 
concern in the 
Baltic Sea (oc-
tylphenol/ethox-
ylates).  

Chemical for Pri-
ority Action (part 
A).  
Agreement 14 -
05.  
 

  

Organophosphorus pes-
ticides  

Not  
applicable  

     X     Agreement 
2014 -06: charac-
terization may be 
necessary.  

  

Orthophosphate  14265 -44 -2    X           

Oxalic acid  144 -62 -7   X           

Oxolinic acid  14698 -29 -4  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Oxytetracycline  79 -57 -2  X       Com. Reg.  
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Palm oil  68440 -15 -3 X             

Pentaerythritol  115 -77 -5    X          

Perchloroethylene (tet-
rachloroethylene)  

127 -18 -4 X             

Perfluorooctane sulfonic 
acid and its derivatives 
(PFOS)  

1763 -23 -1      X   WFD PS.  
WFD PHS.  

Core indicators 
for hazardous 
substances: per-
fluorooctane sul-
fonate.  
BSAP specific 
concern in the 
Baltic Sea: per-
fluorooctane sul-
fonate and per-
fluorooctanoic 
acid.  

Chemical for Pri-
ority Action (part 
A).  
Pre-CEMP. 
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PETN  
 

78 -11 -5       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Phenanthrene  85 -01 -8   X   X    Core indicators 

for hazardous 
substances.  
Recommendation 
36/2.  

Agreement 

2014 -06.  
Agreement 14 -
05.  

  

Phenol  108 -95 -2 X  X        Agreement 14 -
05.  

 BSIMAP (op-
tional).  

Phenoxyethanol  122 -99 -6  X         PARCOM Recom-
mendation 94/6.  

  

Phenyldichloroarsine  
 

696 -28 -6       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Phosgene  75 -44 -5       X  CWC (schedule 
3).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Picric acid  
 

88 -89 -1       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Piromidic acid  19562 -30 -2  X     X       

Polyacrylamide  9003 -05 -8    X  X         

Polyaromatic hydrocar-
bons (PAHs)  

Not  
applicable  

X X X X  X  X WFD PS.  
 

Core indicators 
for hazardous 
substances: US 
EPA 16 PAHs/se-
lected metabo-
lites.  

Chemical for Pri-
ority  Action (part 
A).  
CEMP: monitor-
ing of parent 
PAHs. 

UNEP/MAP 
MED POL 
monitoring 
programme.  

BSIMAP 
(mandatory).  
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Recommendation 
36/2: ǴPAH16 
and/or  ǴPAH9 as 
a subgroup 
of  P᷾AH16.  

Recommendation 
18/2: total hy-
drocarbon con-
tent.  

Pre-CEMP: alkyl-
ated PAHs.  
Agreement 
2014 -06.  

Polychlorinated biphen-
yls (PCBs)  

Not applica-
ble  

 X    X  X    Chemical for Pri-
ority Action (part 
A).  

Monitoring under 
CEMP. 
Agreement 
2014 -06: PCB 
characterization 
may be neces-
sary.  
 

UNEP/MAP 
MED POL 
monitoring 

programme.  

BSIMAP 
(mandatory).  

Polydimethylsiloxane 
(PDMS)  

63148 -62 -9   X X          

Polyethylene oxide  25322 -68 -3   X           

Polyvinyl chloride (PVC)  9002 -86 -2        X      

Propionic acid  79 -09 -4   X        Agreement 14 -
05ef.  

  

Propylene glycol (1,2 -
propanediol)  

57 -55 -6 X  X X     National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-
sants Inven-
tory).  

    

Propylene oxide 
(methyloxirane)  

75 -56 -9 X             

Pyrene  129 -00 -0   X   X    Core indicators 
for hazardous 
substances.  
Recommendation 
36/2.  

Substance of 
Possible Concern 
(section A).  
Agreement 
2014 -06.  
Agreement 14 -
05.  

  

Quaternary ammonium 
compounds  

12001 -31 -9   X           

Quinaldine  91 -63 -4  X            
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RDX  
 

121 -82 -4       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Sarafloxacin  98105 -99 -8  X       Com. Reg. 

37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-

mendation 94/6.  

  

Sarin  
 

107 -44 -8       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Sodium di - iso -octyl  
sulphosuccinate (DOSS)  

577 -11 -7 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-
sants Inven-
tory).  

    

Soman  
 

96 -64 -0       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 

Dumping 
Protocol.  

 

Sorbitan, mono -(9Z) -9-
octadecenoate  

1338 -43 -8 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-
sants Inven-
tory).  

    

Sorbitan, mono -  
(9Z) -9-octadecenoate, 
poly(oxy -1,2 -
ethanediyl) derivatives  

9005 -65 -6 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
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(EMSA Disper-
sants Inven-
tory).  

Sorbitan, tri - (9Z) -9-
octadecenoate, 
poly(oxy -1,2 -
ethanediyl) derivatives  

9005 -70 -3 X  X      National rules 
and regulations 
for usage of oil 
spill dispersants 
(EMSA Disper-

sants Inven-
tory).  

    

Soybean oil  8001 -22 -7 X   X          

Styrene monomer  100 -42 -5 X             

Sulfadiazine  68 -35 -9  X       Com. Reg. 
37/2010 (al-
lowed  sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Sulfamethoxazole  723 -46 -6  X            

Sulfathiazole  72 -14 -0  X            

Sulfonated salts of as-
phalt (gilsonite)  

8052 -42 -4   X           

Sulfur mustard  
 

505 -60 -2       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Sunflower oil  8001 -21 -6 X   X          

Tabun  
 

77 -81 -6       X  CWC (schedule 
1).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 

not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Tannins  1401 -55 -4   X           

TCMS pyridine (Densil 
100)  

13108 -52 -6 X X       BPD (not identi-
fied as biocidal 
product).  

    

TCMTB (Busan)  21564 -17 -0 X        BPD (not identi-
fied as biocidal 
product).  
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Tear gas  532 -27 -4       X  CWC (agent 
banned in war-
fare).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Teflubenzuron  83121 -18 -0  X       Com. Reg. 

37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-

mendation 94/6.  

  

Tetrachloro -ethylene  127 -18 -4 X        WFD other pollu-
tants.  

    

Tetryl  479 -45 -8       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Thiram  137 -26 -8 X        BPD (not appli-
cable as product 
type 21).  

    

TNT 118 -96 -7       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Toluene  108 -88 -3 X  X X       Agreement 14 -
05.  

  

Tolylfluanid  731 -27 -1 X        BPD (existing 
active sub-
stance, dossier 
under review).  

    

Tralopyril (Econea)  122454 -29 -
9 

X        BPD (new sub-
stance, dossier 
submitted for 
approval as 
product type 
21).  
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Tricaine methane sul-
phonate (MS -222)  

886 -86 -2  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL not 
required).  

 PARCOM Recom-
mendation 94/6.  

  

Trichlorfon  52 -68 -6  X            

Trichloroethylene  79 -01 -6 X        WFD other pollu-
tants.  

    

Trifluralin  1582 -09 -8  X       WFD PS.  
WFD PHS.  

 Chemical for Pri-
ority Action (Part 
A).  
 

  

Trimethoprim  738 -70 -5  X       Com. Reg. 
37/2010 (al-
lowed sub-
stance, MRL es-
tablished).  

 PARCOM Recom-
mendation 94/6.  

  

Triphenylarsine  603 -32 -7       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 

Protocol.  

 

Valeric acid (pentanoic 
acid)  

109 -52 -4   X        Agreement 14 -
05.  

  

VG 
 

78 -53 -5       X  CWC (schedule 
2).  

HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete  
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Vitamin C (L -ascorbic 
acid)  

50 -81 -7  X       Reg. 
1881/2003, an-
nex I.  

 Agreement 
2013 -06.  

  

Vitamin E (Ŭ- tocoph-
erol)  

59 -02 -9  X       Com. Reg. 
37/2010 (al-

lowed sub-
stance, MRL not 
required).  
Reg. 
1881/2003, an-
nex I.  
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VM 
 

21770 -86 -5       X  CWC. HELCOM SUB-
MERGED. 

Recommendation 
2010/20.  

Obsolete 
ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

VX  

 

50782 -69 -9       X  CWC (schedule 

1).  

HELCOM SUB-

MERGED. 

Recommendation 

2010/20.  

Obsolete 

ordnance 
not specifi-
cally consid-
ered in the 
Dumping 
Protocol.  

 

Xanthate salts  Not applica-
ble  

    X         

Xylene  1330 -20 -7 X  X X       Agreement 14 -
05.  

  

Radionuclides  

241Am         X   Recommendation 
26/3 (voluntary).  

   

14C        X       

58Co         X       

60Co         X       

134Cs         X   Recommendation 
26/3 (obliga-
tory).  

   

137Cs         X  EURATOM 
Treaty (Art. 36).  

Core indicators 
for hazardous 
substances.  
Recommendation 

26/3 (obliga-
tory).  

  BSIMAP (op-
tional).  

55Fe         X       

3H        X   Recommendation 
26/3 (voluntary).  

Agreement 
2013 -11.  

  

131I     X        Agreement 
2013 -11.  

  

224Ra     X           

226Ra     X        Agreement 
2013 -11.  

  

228Ra     X        Agreement 
2013 -11.  

  

210Pb     X        Agreement 
2013 -11.  
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210Po     X       Recommendation 
26/3 (voluntary).  

   

238Pu         X       

239,240Pu         X   Recommendation 
26/3 (voluntary).  

   

90Sr         X  EURATOM 
Treaty (Art. 36).  

Recommendation 
26/3 (voluntary).  

  BSIMAP (op-
tional).  

228Th     X        Agreement 
2013 -11.  

  

238U     X           

WFD PS: Water Framework Directive Priority Substance; PHS: Water Framework Directive Priority Hazardous Substance (status as at Directive 2013/39/EU of 12 August 
2013).  
WFD Other Pollutants: Pollutants included in the Annex II of Directive 2013/39/EU and for which a European standard applies, but not in the priority substances list.  
WFD Watch list: New mechanism to support the identification  of priority substances for regulation under WFD. A restricted number of substances or group of substances (up 
to 10) are to be included in a dynamic Watch List, remaining there for limited time (Carvalho et al., 2015).  
BPD: EU Biocide Regulation (528/2012  and amendment 334/2014): All biocidal products require an authorization before they can be placed on the market, and the acti ve 

substances contained in that biocidal product must be previously approved. Hence, a list of active substances agreed for incl usion in biocidal products are listed in Annexes I 
and IA and classified under 22 different biocidal product types, including antifouling agents (product type 21).  
Regulation (EC) No 1831/2003: European Union legislation on feed additives.  
CWC: Chemical Wea pons Convention:  

¶ Schedule 1 substances are chemicals which can either be used as toxic chemical weapons themselves or used in the manufacture of chemical weapons but which 
have as little or no use for purposes not prohibited under this Convention.  

¶ Schedule 2 substances are chemicals which can either be used as toxic chemical weapons themselves or used in the manufacture of chemical weapons but which are 
not produced in large commercial quantities for purposes not prohibited under this Convention.  

¶ Schedule 3 substances are chemicals which can either be used as toxic chemical weapons themselves or used in the manufacture of  chemical weapons but which 
also may be produced in large commercial quantities for purposes not prohibited under this Convention.  

CCWC: Convention on Certain Conventional Weapons, Protocol III on Incendiary Weapons.  
Com. Reg. 37/2010: Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their  classification regarding maximum 
residue lim its in foodstuffs of animal origin.  
EMSA Dispersants Inventory: This inventory contains information for each Member State regarding the national rules and regula tions for usage of oil spill dispersants as an 
at -sea oil spill response method. The inventory is updated in regular intervals (latest in EMSA, 2014).  
Titanium Dioxide Directives (Council Directive 78/176/EEC, 82/883/EEC, 92/112/EEC): Community legislation to prevent and prog ressively reduce pollution caused by waste 
from the titanium dioxide indust ry with a view to the elimination of such pollution.  
HELCOM SUBMERGED: HELCOM expert group on environmental risks of hazardous submerged objects (assessment period agreed for 201 5-2017). The terms of reference of 
this group include also sea dumped chemical  munitions.  
HELCOM core indicators: Core indicators for hazardous substances as concluded in the final report of the HELCOM CORESET proje ct (HELCOM, 2013b).  
BSAP specific concern in the Baltic Sea: Hazardous substances of the Baltic Sea Action Plan to foll ow the reaching of the ecological objectives under the strategic goal of 
hazardous substances (HELCOM, 2007).  
HELCOM Recommendation 18/2: HELCOM guidelines for the environmental performance of offshore activities HELCOM Recommendation 18/2 adopted 12 March  1997. 
http://www.helcom.fi/Recommendations/Rec%2018 -2.pdf.  
HELCOM Recommendation 36/2: HELCOM Guidelines for Management of Dredged Material at Sea, adopted by HELCOM 36 Ȥ2015 on 4 March 2015. http://www.hel-

com.fi/Lists/Publications/HELCOM%20Guidelines%20fo r%20Management%20of%20Dredged%20Material%20at%20Sea.pdf.  
HELCOM Recommendation 26/3: HELCOM guidelines for regular monitoring programme of radioactive substances. http://helcom.fi/Li sts/Publications/Guide-
lines%20for%20Monitoring%20of%20Radioactive%20Substa nces.pdf.  
OSPAR List of Chemicals for Priority Action:  

¶ Part A: Chemicals where a background document has been or is being prepared.  
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¶ Part B: Chemicals where no background document is being prepared because they are intermediates in closed systems.  
¶ Part C: C hemicals where no background document is being prepared because there is no current production or use interest.  

OSPAR List of Substances of Possible Concern:  
¶ Section A: substances which warrant further work by OSPAR because they do not meet the criteria fo r Sections B -D and substances for which, for the time being, 

information is insufficient to group them in Sections B -D.  
¶ Section B: substances which are of concern for OSPAR but which are adequately addressed by EC initiatives or other internatio nal forums.  
¶ Section C: substances which are not produced and/or used in the OSPAR catchment or are used in sufficiently contained systems  making a threat to the marine 

environment unlikely.  
¶ Section D: substances which appear not to be ñhazardous substancesò in the meaning of the Hazardous Substances Strategy but where the evidence is not conclusive.  

CEMP: OSPAR Coordinated Environmental Monitoring programme (concentrations and effects in the marine environment).      
OSPAR Recommendation 2010/20: OSPAR framework for re porting encounters with conventional and chemical munitions in the OSPAR Maritime Area (from 1 January 2011).  
OSPAR Agreement 2014 -06: OSPAR guidelines for the Management of Dredged Material at Sea, including its chemical characterization.  
PARCOM Recommend ation 94/6: Best Environmental Practice (BEP) for the Reduction of Inputs of Potentially Toxic Chemicals from Aquaculture Use  (implementation reporting 
on this recommendation ceased in 2006, but that if there were significant developments in the aquacultur e industry in the future, the need for implementation reporting 
should be revisited) (OSPAR, 2006).  
PARCOM Recommendation 84/1 on pollution by titanium dioxide wastes.  
OSPAR Agreement 14 -05: OSPAR list of potentially harmful substances typically analyzed t o characterize produced water samples from the offshore industry.   
OSPAR Agreement 2013 -06: OSPAR list of substances used and discharged offshore which do not normally need to be strongly regulated as the OSPAR Co mmission considers 
them to pose little or no risk to the environment (PLONOR).  
OSPAR Agreement 2013 -11: Reporting procedures to be used for annual reporting of data on discharges from the non -nuclear sector, as required by the OSPAR Radioactive 
Substances Strategy. www.ospar.org/work -areas/rsc/no n-nuclear -discharges.  
UNEP/MAP MED POL Monitoring programme (Annex IX Contaminants): Indicators Monitoring Fact Sheets on Ecological Objective 9: C ontaminants (UNEP/MAP, 2015).  
UNEP/MAP Dumping protocol: Protocol for the Prevention of Pollution in the Medi terranean Sea by Dumping from Ships and Aircraft.  

BSIMAP: Black Sea Integrated Monitoring and Assessment Programme. www.blacksea -commission.org/_bsimap.asp.  
EURATOM Treaty (Art. 36): Commission recommendation of 8 June 2000 on the application of Article 36  of the Euratom Treaty concerning the monitoring of the levels of 
radioactivity in the environment for the purpose of assessing the exposure of the population as a whole. http://eur - lex.europa.eu/legal -con-
tent/EN/TXT/PDF/?uri=CELEX:32000H0473&from=EN.  
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Table 10 . Chemical contaminants prioritized under different European frameworks for which no significant sea -based sources have been identified.  

Substance  CAS  
number  

EC WFD  HELCOM  OSPAR  Barcelona  
Convention  

Black Sea 
Commission  

Acetamiprid  135410 -20 -7 
160430 -64 -8 

Recommended for the 
first WFD Watch List.  

    

Aclonifen  74070 -46 -5 PS.     

Alachlor  15972 -60 -8 PS.     

17 -alpha -ethinylestradiol 
(EE2)  

57 -63 -3 Recommended for the 
first WFD Watch List.  

Core indicators for haz-
ardous substances.  

Substance of Possible Con-
cern (section A).  

  

Atrazine  1912 -24 -9 PS.  Substance of Possible Con-
cern (section B).  

  

Azithromycin  83905 -01 -5 Recommended for the 
first WFD Watch List.  

    

Bifenox  42576 -02 -3 PS.     

Chlorfenvinphos  470 -90 -6 PS.     

Chloroalkanes, C10 -13  85535 -84 -8 PS. 
PHS. 

BSAP specific concern in 
the Baltic Sea: short -
chain chlorinated paraf-
fins (SCCP or chloroal-
kanes, C10 -13) and me-
dium -chain chlorinated 
paraffins (MCCP or chlo-
roalkanes, C14 -17).  

Substance of Possible Con-
cern (sect ion A).  
Chemical for Priority Action 
(part A): short chained chlo-
rinated paraffins (SCCP).  

  

Chlorpyrifos  2921 -88 -2 PS.  Substance of Possible Con-
cern (section B).  

  

Clarithromycin  81103 -11 -9 Recommended for the 
first WFD Watch List.  

    

Clothianidin  210880 -92 -5 Recommended for the 
first WFD Watch List.  

    

Clotrimazole  23593 -75 -1   Chemical for Priority Action 
(part A).  

  

Cyclodiene pesticides:  
Aldrin  
Dieldrin  
Endrin  

                        
309 -00 -2 
60 -57 -1 
72 -20 -8 

WFD other pollutants.   Chemical for Priority Action 
(part C): isodrin.  

UNEP/MAP MED 
POL monitoring 
programme: aldrin 
and dieldrin.  
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Isodrin  465 -73 -6                            Substance of Possible Con-
cern (section B): Aldrin, diel-
drin, endrin  
 

1,5,9 cyclododecatriene  4904 -61 -4   Chemical for Priority Action 
(part B).  
 

  

Dibutylphthalate (DBP)  84 -74 -2   Chemical for Priority Action 
(part A).  
Agreement 2014 -06e: char-
acterization of phthalates 
may be necessary.  

  

1,2 -dichloroethane  107 -06 -2 PS.     

Dichloromethane  75 -09 -2 PS.     

Diclofenac  15307 -79 -6 Recommended for the 
first WFD Watch List.  

Core indicators for haz-
ardous substances.  

   

Dicofol  115 -32 -2 PS. 
PHS. 

 Chemical for Priority Action 
(part A).  
 

  

4- (dimethylbutylamino)di-
phenylamin (6PPD)  

793 -24 -8   Chemical for Priority Action 
(part A).  

  

Diosgenin  512 -04 -9   Chemical for Priority Action 
(part C).  

  

Endosulfan  115 -29 -7 PS. 
PHS. 

BSAP specific concern in 
the Baltic Sea.  

Chemical for Priority Action 
(part A).  
 

  

17ȁ-estradiol (17ȁ-oestra-
diol, E2)  

50 -28 -2 Recommended for the 
first WFD Watch List.  

 Substance of Possible Con-
cern (section A).  

  

2-ethylhexyl 4 -methox-
ycinnamate  

5466 -77 -3 Recommended for the 
first WFD Watch List.  

    

Ethyl O -(p -nitrophenyl) phe-
nyl phosphonothionate (EPN)  

2104 -64 -5   Chemical for Priority Action 
(part C).  

  

Flucythrinate  70124 -77 -5   Chemical for Priority Action 
(part A).  

  

Heptachlor and heptachlor 
epoxide  

76 -44 -8/  
1024 -57 -3 

PS. 
PHS. 

 Substance of Possible Con-
cern (section B): heptachlor.  
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Substance of Possible Con-
cern (section C): heptachlor 
epoxide.  

Heptachloronorbornene  28680 -45 -7   Chemical for Priority Action 
(part C).  

  

Hexabromocyclododecanes 
(HBCDD)  

Not applica-
ble  

PS. 
PHS: 1,3,5,7,9,11 -
hexabromocyclodo-
decane, 1,2,5,6,9,10 - 
hexabromocyclodo-
decane, Ŭ-hexabromo-
cyclododecane, ȁ-hex-
abromocyclododecane, 
and Ȃ-  hexabromocy-
clododecane.  

Core indicators for haz-
ardous substances.  
BSAP specific concern in 
the Baltic Sea.  

Chemical for Priority Action 
(part B): cyclododecane.  

  

Hexachlorobutadiene   87 -68 -3 PS. 
PHS. 

 Substance of Possible Con-
cern (section B).  

  

Hexachlorocyclohexane iso-
mers (HCH)  

608 -73 -1 PS. 
PHS. 

 Chemical for Priority Action 
(part A).  
 

UNEP/MAP MED 
POL monitoring 
programme: ằHCH, 

lindane.  

BSIMAP 
(mandatory).  

Imidacloprid  105827 -78 -9 
138261 -41 -3 

 

Recommended for the 
first WFD Watch List.  

    

Isoproturon  34123 -59 -6 PS.     

Methiocarb  2032 -65 -7 Recommended for the 
first WFD Watch List.  

    

Methoxychlor  72 -43 -5   Chemical for Priority Action 
(part A).  

  

Musk xylene  81 -15 -2   Chemical for Priority Action 
(part A).  
 

  

Neodecanoic acid, ethenyl 
ester  

51000 -52 -3   Chemical for Priority Action 
(part A).  
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Oxadiazon  19666 -30 -9 Recommended for the 
first WFD Watch List.  

    

Pentabromoethylbenzene  85 -22 -3   Chemical for Priority Action 
(part C).  

  

Pentachloroanisole  1825 -21 -4   Chemical for Priority Action 
(part C).  

  

Pentachlorobenzene  608 -93 -5 PS. 
PHS. 

 Substance of Possible Con-
cern (section B).  

  

Pentachlorophenol (PCP)  87 -86 -5 PS.  Chemical for Priority Action 
(part A).  
 

  

Polychlorinated naphthalenes      Chemical for Priority Action 
(part C): trichloronaphtha-
lene, tetrachlronaphthalene, 
pentachloronaphthalene, 
hexachloronaphthalene, 
heptachloronaphthalene, oc-
tachloronaphthalene, naph-
thalene, chloro derivs.  

  

2-propenoic acid, (pen-
tabromo)methyl ester  

59447 -55 -1   Chemical for Priority Action 
(part C).  

  

Quinoxyfen  124495 -18 -7 PS. 
PHS. 

    

Simazine  122 -34 -9 PS.     

Terbutryn  886 -50 -0      

Tetrabromobisphenol A 
(TBBP-A)  

79 -94 -7   Chemical for Priority Action 
(part A).  
 

  

Tetrasul  2227 -13 -6   Chemical for Priority Action 
(part C).  

  

Thiacloprid  111988 -49 -9 Recommended for the 
first WFD Watch List.  

    

Thiamethoxam  153719 -23 -4 Recommended for the 
first WFD Watch List.  
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Tri -allate  2303 -17 -5 Recommended for the 
first WFD Watch List.  

 Substance of Possible Con-
cern (section B).  

  

Trichlorobenzenes  12002 -48 -1 PS.  Chemical for Priority Action 
(part A): 1,2,3 - trichloroben-
zene, 1,2,4 - trichloroben-
zene, 1,3,5 - trichloroben-
zene.  

  

Trichloromethane (chloro-
form)  

67 -66 -3 PS.     

2,4,6 - tri - tert -butylphenol  732 -26 -3   Chemical for Priority Action 
(part A).  

  

3,3' - (ureylenedi-
methylene)bis(3,5,5 - trime-
thylcyclohexyl) diisocyanate  

55525 -54 -7   Chemical for Priority Action 
(part C).  
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5   CONCLUSIONS  

This report assesses and compiles relevant data and information to provide an extensive 

list of chemical substances that have been, are being or might be released into the marine 

environment from sea -based anthropogenic sources. The list  also provides an overview of 

the policies and frameworks for the management and regulation of the identified sub-

stances within the EU. Such a  list may represent a valuable starting point to approach  the 

manage ment of marine chemical pollution  and  contribute to the  setting -up of monitoring 

strategies , including hotspots screening . As already stated  by Tornero and Hanke ( in 

press ), the level of harmonization with regard to the contaminants considered  by different 

frameworks across Europe can be considered  rather low. Only four WFD PS (PAHs, cad-

mium, mercury, and lead) are also prioritized in the four European RSC, while other con-

taminants  are tackled  by the different frameworks in a different  way. Nev ertheless, a 

number of other European or international legislations and regulations as well as reco m-

mendations, agreements and pro grammes at national or regional level, deal  direct or in-

directly with most substances or group of substances  in the list , alth ough  approximately  

one- third of them  seem  not to be currently tackled by  any framework.  

I t is important  to keep in mind  that this compilation  can not be regarded  as a risk assess-

ment . All  substances in the list are likely to occur in  the marine environment, but this does 

not imply  that all of them are  hazardous  or released  into the sea at  harmful concentrations . 

This review  has not taken into account these characteristics to compile the final list of 

contaminants, yet it has evi denced either a lack of information on many of these crucial 

aspects  or the difficulty to access it (as seen in the tables 5 , 6, and 7).  

The information provided here  can help identify  where efforts  are needed  to access and 

mobilize additional data  as well  as help understand which marine pollutants are currently 

considered at European and/or regional level or  might need  further control and/or moni-

toring actions.  

A close collaboration across the shared basins is need ed in order to improve resource 

efficiency and take the cross -basin nature of contaminant issues into account (Perseus 

policy brief , 2015 ). International campaigns, involving institutions from RSCs countries 

and expert laboratories may be a way forward to have a more complete assessment of 

chemical  contamination in marine waters. While previously it may not have been possible 

to consider a large number of contaminants in monitoring programs, the current develop-

ment of new instrumental analytical methodologies will support the challenging analysis 

of multiple compounds 58 .  

 

 

 

 

 

 

 

 

 

                                                           

58  Non - target  screening of organic chemicals for a comprehensive environmental risk as-

sessment. http://www.nontarget2016  



 

105 

 

References  

ACE. 2002. Assessment of antifouling agents in coastal environments (ACE), Final Scien-

tific and Technical Report. Mas3 -Ct98 -0178.  

ACP (Advisory Committee on Pesticides). 2003. Evaluation on: zinc pyrithione: use as a 

booster biocide in antifouling products. Food and Environment Protection Act 1985, Part 

III. Control of Pesticides Regulations 1986.  

ACP (Advisory Committee on Pesticides). 2005a. Evaluation on: 2 - (thiocyanomethylthio) 

benzothi -azole ( TCMTB): use as a booster biocide in antifouling products. Food and Envi-

ronment Protection Act 1985, Part III. Control of Pesticides Regulations 1986.  

ACP (Advisory Committee on Pesticides). 2005b. Evaluation on: Copper Pyrithione as a 

New Active Ingredient  in Professional Antifouling Products. Food and Environment Protec-

tion Act 1985, Part III. Control of Pesticides Regulations 1986.  

Adedayo, A.M. 2011. Environmental Risk and Decommissioning Of Offshore Oil Platforms 

in Nige - ria. NIALS Journal of Environmen tal Law 1, 1 -30.  

Alcaro, L., Amato, E., Cabioch, F., Farchi, C., Gouriou, V. 2007. DEEPP Project, DEvelop-

ment of European Guidelines for Potentially Polluting Shipwrecks. ICRAM, Instituto 

Centrale per la Ricerca scientifica e tecnologica Applicata al Mare,  CEDRE, CEntre de 

Documentation de Recherch® et dôEp®rimentations sur les pollutions accidentelles des 

eaux.  

Alderman D.J. 2009. Control of the use of veterinary drugs and vaccines in aquaculture in 

the European Union. In: Rogers, C., Basurco, B. (eds.). T he use of veterinary drugs and 

vaccines in Mediterranean aquaculture. CIHEAM, Zaragoza, Options Méditerranéennes: 

Série A. Séminaires Méditerranéens 86, 13 -28.  

Amato, E., Alcaro, L., Corsi, I., Della Torre, C., Farchi, C., Focardi, S., Marino, G., Tursi, 

A. 2006. An Integrated Ecotoxicological Approach to Assess the Effects of Pollutants Re-

leased by Unexploded Chemical Ordnance Dumped in the Southern Adriatic (Mediterra-

nean Sea). Marine Biology 149, 17 -23.  

Annibaldi, A., Illuminati, C., Truzzi, C., Scarponi , G. 2011. SWASV speciation of Cd, Pb 

and Cu for the determination of seawater contamination in the area of the Nicole shipwreck 

(Ancona coast, Central Adriatic Sea). Marine Pollution Bulletin 62, 2813 -2821.  

Armstrong, S.M., Hargrave, T., Haya, K. 2005. Antibiotic use in Finfish Aquaculture: Modes 

of action, Environmental Fate, and Microbial Resistance. The Handbook of Environmental 

Chemistry 5, 341 -357.  

ARPEL (Asociación Regional de Empresas de Petróleo y Gas  Natural en Latinoamérica y el 

Caribe). 1999. Guidelines for the Control of Contamination from Offshore Exploration and 

Production Operations. Guideline ARPELCIDA07EGGUI2699.  

Assessment report. 2006. Dichlofluanid PT8. Directive 98/8/EC concerning the plac ing of 

biocidal products on the market. Evaluation of active substances. UK.  

Assessment report. 2011. Cybutryne PT21. Directive 98/8/EC conce rning the placing bio-

cidal prod ucts on the market. Evaluation of active substances. The Netherlands.  

Assessment rep ort. 2013. Zineb PT21. Regulation (EU) n°528/2012 concerning the making 

available on the market and use of biocidal products. Evaluation of active substances. 

Ireland.  

Assessment report. 2014. 4,5 -Dichloro -2-octyl -2H- isothiazol -3-one (DCOIT) PT21. Regu-

lati on (EU) n°528/2012 concerning the making available on the market and use of biocidal 

products. Evaluation of active substances. Norway.  

Bailey, H., Brookes, K., Thompson, P.M. 2014. Assessing environmental impacts of off-

shore wind farms: lessons learned an d recommendations for the future. Aquatic Biosys-

tems 10:8.  



 

106 

 

Bakke, T., Klungsøyr, J., Sanni, S. 2013. Environmental impacts of produced water and 

drilling waste discharges from the Norwegian offshore petroleum industry. Marine Envi-

ronmental Research 92, 154 -169.  

Bao, V.W.W., Leung, K.M.Y., Kwok, K.W.H., Zhang, A.Q., Lui, G.C.S. 2008. Synergistic 

toxic effects of zinc pyrithione and copper to three marine species: Implications on setting 

appropriate water quality criteria. Marine Pollution Bulletin 57, 616 -62 3.  

Bao, V.W.W., Leung, K.M.Y., Qiu, J.W., Lam, M.H.W. 2011. Acute toxicities of five com-

monly used antifouling booster biocides to selected subtropical and cosmopolitan marine 

species. Marine Pollution Bulletin 62, 1147 -1151.  

Bao, V.W.W., Leung, K.M.Y., Lu i, G.C.S., Lam, M.H.W. 2013. Acute and chronic toxicities 

of Irgarol alone and in combination with copper to the marine copepod Tigriopus japonicas. 

Chemosphere 90, 1140 -1148.  

Barġienƍ, J., Butrimaviļienƍ, L., Grygiel, W., Lang, T., Michailovas, A., JackƸnas, T. 2014. 

Environ -mental genotoxicity and cytotoxicity in flounder (Platichthys flesus), herring (Clu-

pea harengus) and Atlantic cod (Gadus morhua) from chemical munitions dumping zones 

in the southern Baltic Sea. Marine Environmental Research 96, 56 -67.  

Beddington, J., Kinloch, A.J. 2005. Munitions dumped at sea: A literature review, IC Con-

sultants Ltd., Imperial College London.  

Bejarano, A.C., Michel, J., Rowe, J., Li, Z., McCay, D.F., McStay, L., Etkin, D.S. 2013. 

Environmental Risks, Fate and Effects of Chemicals Associated with Wind Turbines  on the 

Atlantic Outer Continen tal Shelf. US Department of the Interior, Bureau of Ocean Ener gy 

Management, Office of Renewa ble Energy Programs, Herndon, VA. OCS Study BOEM 2013 -

213.  

Beğdowski, J., Klusek, Z., Szubska, M., Turja, R., Bulczak, A.,Rak, D., Brenner, M., Lang, 

T., Kotwicki, L., Grzelak, K., Jakacki, J., Fricke, N., Östin, A., Olsson, U., Fabisiak, J., 

Garnaga, G., Nyholm, J.R., Majewski, P., Broeg, K., Söderström, M., Vanninen, P., Popiel, 

S., Nawağa, J., Lehtonen, K., Ber -glind, R., Schmidt, B. 2016. Chemical  Munitions Search 

& Assessment ðAn evaluation of the dumped munitions problem in the Baltic Sea. Deep 

Sea Research II 128, 85 -95.  

Bellas, J., Granmo, A., Beiras, R. 2005. Embryotoxicity of the an tifouling biocide zinc py-

rithione to sea urchin (Paracentrotus lividus) and mussel (Mytilus edulis). Marine Pollution 

Bulletin 50, 1382 -1385.  

Bellas, J. 2006. Comparative toxicity of alternative antifouling biocides on embryos and 

larvae of marine inverteb rates. Science of the Total Environment 367, 573 -585.  

Bellas, J., Hilvarsson, A., Granmo, Å., Birgersson. G. 2006. Effects of medetomidine, a 

novel anti - fouling agent, on the burrowing bivalve Abra nitida (Müller). Chemosphere 65, 

575 -582.  

Benn, A.R., Weav er, P.P., Billet, D.S.M., van den Hove, S., Murdock, A.P., Doneghan, G.B., 

le Bas, T. 2010. Human Activities on the Deep Seafloor in the North East Atlantic: An 

Assessment of Spatial Extent. PLoS ONE 5(9), e12730. doi:10.1371/jour-

nal.pone.0012730.  

Bennett,  B., Larter, S.R. 2000. Polar non -hydrocarbon contaminants in reservoir core ex-

tracts. The Royal Society of Chemistry and the Division of Geochemistry of the American 

Chemical Society 5.  

BIO Intelligence Service. 2013. Study on the environmental risks of m edicinal products, 

Final Report prepared for Executive Agency for Health and Consumers.  

Blossom, N.W. 2014. Copper Based Antifouling ï A Regulatory Update and Recent Scien-

tific Environmental Studies. American Chemet Corporation.  

Bonar, P.A.J., Bryden, I.G. , Borthwick, A.G.L. 2015. Social and ecological impacts of ma-

rine energy development. Renewable and Sustainable Energy Reviews 47, 486 -495.  



 

107 

 

Borecka, M., Siedlewicz, G., HaliŒski, L.P., Sikora, K., Pazdro, K., Stepnowski, P., Biağk-

BieliŒska, A. 2015. Contamination of the southern Baltic Sea waters by the r esidues of 

selected pharmaceuti cals: Method development and field studies. Marine Pollution Bulletin 

94, 62 -71.  

Boschen, R.E., Rowden, A.A., Clark, M.R., Gardner, J.P.A. 2013. Mining of deep -sea sea-

floor m assive sulfides: A review of the deposits, their benthic communities, impacts from 

mining, regulatory frameworks and management strategies. Ocean and Coastal Manage-

ment 84, 54 -67.  

Boxall, A.B.A., Comber, S.D., Conrad, A.U., Howcroft, J., Zaman, N. 2000. In puts, Moni-

toring and Fate Modelling of Antifouling Biocides in UK Estuaries. Marine Pollution Bulletin 

40(11), 898 -905.  

Boxall, A.B.A., Fogg, L., Blackwell, P.A., Kay, P.A.P., Pemberton, E.J. 2002. Review of 

Veterinary Medicines in the Environment. R&D Tec hnical Report P6 -012/8/TR. Environ-

ment Agency, Bristol, United Kingdom.  

BPC (Biocidal Products Committee). 2014. Opinion of the Biocidal Products Committee on 

the approval of the active substance tolylfluanid for product type 21. European Chemicals 

Agency.  ECHA/BPC/007/2014.  

Bressler, K., Ron, B. 2004. Effect of anesthetics on stress and the innate immune system 

of gilthead seabream (Sparus aurata). Israeli Journal of Aquaculture 56, 5 -13.  

Breuer, E., Stevenson, A.G., Howe, J.A., Carroll, J., Shimmield, G.B. 2004. Drill cutting 

accumulations in the Northern and Central North Sea: a review of environmental interac-

tions and chemical fate. Marine Pollution Bulletin 48, 12 -25.  

Briggs, C., Shjegstad, S.M., Silva, J.A.K., Edwards, M.H. 2016 . Distribution of che mical 

warfare agent, energetics, and metalsin sediments at a deep -water discarded military mu-

nitions site. Deep -Sea Research II :  Topical Studies in Oceanography 128, Pages 63 -69 . 

Brooks, S.J., Waldock, M. 2009. Copper Biocides in the Marine Environment. In : Arai, T., 

Harino, H., Ohji, M., Langston, V.J. (eds.). Ecotoxicology of Antifouling Biocides. Springer, 

pp. 413 -382.  

Brooks, S., Harman, C., Zaldibar, B., Izagirre, U., Glette, T., Marigómez, I. 2011. Inte-

grated bi -omarker assessment of the effects exert ed by treated produced water from an 

onshore natural gas processing plant in the North Sea on the mussel Mytilus edulis. Marine 

Pollution Bulletin 62, 327 -339.  

Burridge, L.E., Weis, J.S., Cabello, F., Pizarro, J., Bostik, K. 2010. Chemical use in salmon 

aquaculture: A review of current practices and possible environmental effects. Aquaculture 

306, 7 -23.  

Burridge, L.E., Lyons, M.C., Wong, D.K.H., MacKeigan, K., VanGeest, J.L. 2014. The acute 

lethality of three anti - sea lice formulations: AlphaMax®, Salmosan® , and Interox®Para-

moveÊ50 to lobster and shrimp. Aquaculture 420-421, 180 -186.  

California State Lands Commission. 2013.  Marine Renewable Energy and Environmental 

Impacts: Advancing California's Goals. Report available at http://www.slc.ca.gov/Info/Re-

ports /MRE-AdvancingCAGoals.pdf.  

Carballeira, C., De Orte, M.R., Viana, I.G., DelValls, T.A., Carballeira, A. 2012. Assessing 

the toxicity of chemical compounds associated with land -based marine fish farms: The sea 

urchin embryo bioassay with Paracentrotus livid us and Arbacia lixula. Archives of Environ-

mental Contamination and Toxicology 63(2), 249 -261.  

Carvalho, R.N., Ceriani, L., Ippolito, A., Lettieri, T. 2015. Development of the first Watch 

List under the Environmental Quality Standards Directive. JRC Technic al Report. Report 

EUR 27142.  



 

108 

 

Cassi, R., Tolosa, I., de Mora, S. 2008.  A survey of antifoulants in sediments from Ports 

and Marinas along the French Mediterranean coast. Marine Pollution Bulletin 56, 1943 -

1948.  

CEPA (Canadian Environmental Protection Act).  2008. Environment Canada Domestic Sub-

stances List Categorization. Environmental Registry.  

CEPA. 2011. Risk Evaluation Determining Whether Environmental Emergency Planning is 

required under the Environmental Emergency Regulations set under the Canadian Env i-

ronmental Protec - tion Act, 1999. Chromic Acid and Chromium Trioxide.  

Chan, D., Fussell, R.J., Hetmanski, M.T., Sinclair, C.J., Kay, J.F., Grant, A., Sharman, M. 

2013. Investi -gation of the Fate of Trifluralin in Shrimp. Journal of Agricultural and Food 

Chemistry 61, 2371 -2377.  

Chapman , H., Purnell, K., Law, R.J., Kirby, M.F. 2007.  The use of chemical dispersants to 

combat oil spills at sea: A review  of practice and research needs in Europe . Marine Pollution 

Bulletin 54, 827 -838 . 

CHEMSEA. 2013. Results from  the CHEMSEA project ï Chemical Munitions Search and 

Assessment. http://www.chemsea.eu/admin/uploaded/CHEMSEA%20Findings.pdf.  

Chen, L., Ye, R., Xu, Y., Gao, Z., Au, D.W.T., Qian, P -Y. 2014. Comparative safety of the 

antifouling compound butenolide and 4,5 -dichloro -2-n-octyl -4- isothiazolin -3-one (DCOIT) 

to the marinemeda -ka (Oryzias melastigma). Aquatic Toxicology 149, 116 -125.  

Christou, M., Konstantinidou, M. 2012. Safety of offshore oil and gas operations: Lessons 

from past accident analysis. JRC Scientifi c and Policy Reports. Report EUR 25646.  

CIESM. 2007. Impact of Aquaculture on Coastal Ecosystems. CIESM Monografs 32, Mo-

naco. <http://www.ciesm.org/online/monografs/lisboa07.pdf>.  

Cima, F., Bragadin, M., Ballarin, L. 2008. Toxic effects of new antifouling compounds on 

tunicate haemocytes I. Sea -Nine 211TM and chlorothalonil. Aquatic Toxicology 86, 299 -

312.  

Cima, F., Ballarin, L. 2012. Immunotoxicity in ascidians: Antifouling compounds alterna-

tive to organ -otins III ï The cas e of copper(I) and Irgarol 1051. Chemosphere 89, 19 -29.  

Clark, M.R., Smith, S. 2013. Chapter 3.0: Environmental Management Considerations. 

Deep Sea Minerals: Manganese Nodules, a physical, biological, environmental, and tech-

nical review. Volume 1B, Secreta riat of the Pacific Community.  

CoE (Council of Europe ). 2012 . The environmental impact of sunken shipwrecks. Council 

of Europe,  Parliamentary Assembly, Resolution 1869.  

Coelho, S., Oliveira, R., Pereira, S., Musso, C., Domingues, I., Bhujel, R.C., Soares, 

A.M.V.M., Nogueira, A.J.A. 2011. Assessing lethal and sub - lethal effects of trichlorfon on 

different trophic levels. Aquatic Toxicology 103, 191 -198.  

Coffey. 2008. Environmental Impact Statement: Solwara 1 Project. Nautilus Minerals 

Niugini Lim - ited, http: //www.cares.nautilusminerals.com/ Downloads.aspx.  

Coll, M., Piroddi, C., Albouy, C., Lasram, F.B.R., Cheung, W.W.L., Christensen, V., Kar-

pouzi, V.S., Guilhaumon, F., Mouillot, D., Paleczny, M., Palomares, M.L., Steenbeek, J., 

Trujillo, P., Watson, R., Paul y, D. 2012. The Mediterranean Sea under siege: spatial over-

lap between marine biodiversity, cumulative threats and marine reserves. Global Ecology 

and Biogeography 21, 465 -480.  

Conti, G.O., Copat, C., Wang, Z., D'Agati, P., Cristaldi, A., Ferrante, M. 2015 . Determina-

tion of illegal antimicrobials in aquaculture feed and fish: An ELISA study. Food Control 

50, 937 -941.  

Copping, A., Hanna, L., Van Cleve, B., Blake, K., Anderson, R.M. 2015. Environmental Risk 

Evalua - tion System ðan Approach to Ranking Risk of Oc ean Energy Development on 

Coastal and Estuarine Environments. Estuaries and Coasts 38 (Suppl 1), S287 -S302.  



 

109 

 

Coppock, R.W., Dziwenka, M.M. 2014. Biomarkers of petroleum products toxicity. In: 

Gupta, R.C. (ed.). Biomarkers in Toxicology. Elsevier Inc., pp. 6 47 -654.  

Costello, M.J., Grant, A., Davies, I.M., Cecchini, S., Papoutsoglou, S., Quigley, D., Saroglia, 

M. 2001. The control of chemicals used in aquaculture in Europe. Journal of Applied Ich-

thyology 17, 173 -180.  

Cui, Y.T., Teo, S.L.M., Leong, W., Chai, L. L. 2014. Searching for ñEnvironmentally-Benignò 

Antifouling Biocides. International Journal of Molecular Sciences 15, 9255 -9284.  

Dafforn, K.A., Lewis, J.A., Johnston, E.L. 2011. Antifouling strategies: History and regula-

tion, ecological impacts and mitigat ion. Marine Pollution Bulletin 62, 453 -465.  

Daniel, P. 2009. Available chemotherapy in Mediterranean fish farming: use and needs. 

In: Rogers, C., Basurco, B. (eds.). The use of veterinary drugs and vaccines in Mediterra-

nean aquaculture. Options Méditerrané ennes: Série A. Séminaires Méditerranéens 86, CI-

HEAM, Zaragoza, pp. 197 -205.  

Davies, I.M., Gillibrand, P.A., McHenery, J.G., Rae, G.H. 1998. Environmental risk of iver-

mectin to sediment dwelling organisms. Aquaculture 163, 29 -46.  

Della Torre, C., Petochi, T., Farchi, C., Corsi, I., Dinardo, Sammarini, V., Alcaro, L., 

Mechelli, L., Focardi, S., Tursi, A., Marino, G., Amato, E. 2013. Environmental hazard of 

yperite released at sea: sublethal toxic effects on fish. Journal of Hazardous Materials 248 -

249, 246 -253.  

Department of Water, Government of Western Australia. 2009. Antifouling biocides in 

Perth coastal waters: a snapshot at select areas of vessel activity. Water Science Technical 

Series, Report No.1.  

Diniz, L.G.R., Jesus, M.S., Dominguez, L.A.E., Fillman n, G., Vieirac, E.M., Franco, T.C.R.S. 

2014. First Appraisal of Water Contamination by Antifouling Booster Biocide of 3rd Gener-

ation at Itaqui Harbor (São Luiz -  Maranhão -  Brazil). Journal of the Brazilian Chemical 

Society 25(2), 380 -388.  

Downing, E. 2000 . Environmental Fate of Maneb. Environmental Monitoring and Pest Man-

age -ment. Department of Pesticide Regulation. California.  

Drugbank. 2013. http://www.drugbank.ca/drugs/DB00359.  

EC. 1990. Council Regulation (EEC) No.2377/1990. Community procedure for the  estab-

lishment of maximum residue limits of veterinary medicinal products in foodstuffs of ani-

mal origin. Official Journal of the European Communities, No. L. 224/1 -8. European Eco-

nomic Commission, Brussels, Belgium.  

EC. 2005. European Union Risk Assessmen t Report -  Chromium trioxide (CAS -No: 1333 -

82 -0), sodi -um chromate (CAS -No: 7775 -11 -3), sodium dichromate (CAS -No: 10588 -01 -

9), ammonium dichro -mate (CAS -No: 7789 -09 -5) and potassium dichromate (CAS -No: 

7778 -50 -9) Risk Assessment. (EUR 21508 EN -  Volume: 5 3).  

EC. 2012. Communication from the Commission to the European Parliament, the Council, 

the European Economic and social Committee and the Committee of the Regions: Blue 

Growth ðopportunities from the marine and maritime sustainable growth. COM(2012) 494.  

EC. 2014. Study to investigate state of knowledge of Deep Sea Mining: interim report 

under FWC MARE/2012/06 -  SC E1/2013/04.  

EEA (European Environment Agency). 2008. Accidental oil spills from marine shipping. 

Assessment made on 01 Nov 2008.  

Ek, H., Nilss on, E., Birgersson, G., Dave, G. 2007. TNT leakage through sediment to water 

and toxici - ty to Nitocra spinipes. Ecotoxicology and Environmental Safety 67, 341 -348.  

EMSA (European Maritime Safety Agency). Maritime Accident Review 2007, 2008, 2009, 

2010.  



 

110 

 

EMSA. 2010. Manual on the Applicability of Oil Spill Dispersants.  

EMSA. 2012. Addressing Illegal Discharges in the Marine Environment.  

EMSA. 2013a. Inventory of EU Member Statesô Policies and Operational Response Capac-

ities for HNS Marine Pollution.  

EMSA. 2013b. Action Plan for response to Marine Pollution from Oil and Gas Installations.  

EMSA. 2014. Inventory of National Policies Regarding the Use of Oil Spill Dispersants in 

the EU Member States.  

EMSA. 2016. Overview of national dispersant testing and appro val policies in the EU. In-

formation Paper developed by the Technical Correspondence Group on Dispersants, under 

the Consultative Technical Group for Marine Pollution Preparedness and Response (CTG 

MPPR). 

EPA (Environmental Protection Authority). 2012. Anti fouling paints reassessment. Prelim-

inary Risk Assessment. New Zealand Government.  

Ervik, A., Thorsen, B., Eriksen, V., Lunestad, B.T., Samuelsen, O.B. 1994. Impact of ad-

ministering antibacterial agents on wild fish and blue mussels Mytilus edulis in the vi cinity 

of fish farms. Diseases of Aquatic Organisms 18, 45 -51.  

Evaggelopoulou, E.N., Samanidou, V.F. 2013. Development and validation of an HPLC 

method for the determination of six penicillin and three amphenicol antibiotics in gilthead 

seabream (Sparus au rata) tissue according to the European Union Decision 2002/657/EC. 

Food Chemistry 136, 1322 -1329.  

Ferreira, C.S., Nunes, B.A., Henriques -Almeida, J.M, Guilhermino, L. 2007. Acute toxicity 

of oxytet racycline and florfenicol to the microalgae Tetraselmis chu ii and to the crustacean 

Artemia parthe -nogenetica. Ecotoxicology and Environmental Safety 67, 452 -458.  

Fisheries and Oceans Canada. 2003. A scientific review of the potential environmental 

effects of aquaculture in aquatic ecosystems. Volume 1. Far - field environmental effects of 

marine finfish aquaculture (Hargrave, B.T.); Ecosystem level effects of marine bivalve 

aquaculture (Cranford, P., Dowd, M., Grant , J., Hargrave, B., McGladdery, S.); Chemical 

use in marine finfish aquaculture in Canada: a review of  current practices and possible 

environmental effects (Burridge, L.E.). Canadian Technical Report of Fisheries and Aquatic 

Sciences 2450. 131pp.  

Frank, V. 2007. The European Community and Marine Environmenta l Protection in the 

Internation al Law of the Sea:  Implementing Global Obligations at the Regional Level. Vol-

ume 58. Publications on Ocean Development (Leiden: Martinus Nijhoff). 482 pp.  

GESAMP (IMO/FAO/UNESCO - IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on 

the Scientific Aspects of Marine Environment al Protection). 1997. Towards safe and effec-

tive use of chemicals in coastal aquaculture. Reports and Studies No. 65, Rome, FAO, 40 

pp.  

Graham, L., Hale, C., Maung -Douglass, E., Sempier, S., Swann, L., Wilson, M. 2016. Oil 

Spill Science: Chemical dispersants and their role in oil spill response. MASGP -15 -015.  

Grigorakis, K, Rigos, G. 2011. Aquaculture effects on environmental and public welfare ï 

The case of Mediterranean mariculture. Chemosphere 855, 899 -919.  

Guardiola, F.A., Cuesta, A., Meseguer,  J., Esteban, M.A. 2012. Risks of Using Antifouling 

Biocides in Aquaculture. International Journal of Molecular Sciences 13, 1541 -1560.  

Hamzah, B.A. 2003. International rules on decommissioning of off shore installations: 

some obser vations. Marine Policy 27 , 339 -348.  

Handley -Sidhu, S., Keith -Roach, M.J., Lloyd, J.R., Vaughan, D.J. 2010. A review of the 

environmental corrosion, fate and bioavailability of munitions grade depleted uranium. 

Science of the Total Environment 408, 5690 -5700.  



 

111 

 

HASREP. 2005. Report o n Task 1: Monitoring of the flow of chemicals transported by sea 

in bulk.  

Hassler, B. 2011. Accidental versus Operational Oil Spills from Shipp ing in the Baltic Sea: 

Risk Gov ernance and Management Strategies. Ambio 40, 170 -178.  

Haya, K., Burridge, L.E., Da vies, I.M., Ervik, A. 2005. A Review and Assessment of Envi-

ronmental Risk of Chemicals Used for the Treatment of Sea Lice Infestatio ns of Cultured 

Salmon. The Hand book of Environmental Chemistry 5, 305 -340.  

Hedge, L.H., Knott, N.A., Johnston, E.L. 2009. Dr edging related metal bioaccumulation in 

oysters. Marine Pollution Bulletin 58, 832 -840.  

Hein, J.R., Petersen, S. 2013a. Chapter 1.0: The Geology of Sea -Floor Massive Sulphides. 

Deep Sea Minerals: Sea - floor Massive Sulphides, a physical, biological, environ mental, and 

technical review. Volume 1A, Secretariat of the Pacific Community.  

Hein, J.R., Petersen, S. 2013b. Chapter 1.0: The Geology of Manganese Nodules. Deep 

Sea Minerals: Manganese Nodules, a physical, biological, environmental, and technical 

review.  Volume 1A, Secretariat of the Pacific Community.  

Hein, J.R., Petersen, S. 2013c. Chapter 1.0: The Geology of Cobalt ïrich Ferromanganese 

Crusts. Deep Sea Minerals: Cobalt ïrich Ferromanganese Crusts, a physical, biological, en-

vironmental, and technical rev iew. Volume 1A, Secretariat of the Pacific Community.  

HELCOM. 2003. Radioactivity in the Baltic Sea 1992 -1998. Baltic Sea Environment Pro-

ceedings. No. 85.  

HELCOM. 2007. Towards Baltic Sea unaffected by hazardous substances. A HELCOM over-

view for the HELCOM  Ministerial Meeting in 2007.  

HELCOM. 2013a. Chemical Munitions Dumped in the Baltic Sea. Report of the ad hoc Ex-

pert Group to Update and Review the Existing Information on Dumped Chemical Munitions 

in the Baltic Sea (HELCOM MUNI). Baltic Sea Environment Proceeding No. 142.  

HELCOM. 2013b. HELCOM core indicators: Final report of the HELCOM CORESET project. 

Baltic Sea Environment Proceedings. No. 136.  

Hilvarsson, A., Halldórsson, H., Granmo, Å. 2007. Sublethal effects of a candidate anti-

fouling compound on t urbot (Psetta maxima). Aquatic Toxicology 83, 238 -246.  

Hilvarsson, A., Ohlauson, C., Blanck, H., Granmo. A. 2009. Bioaccumulation of the new 

antifoulant medetomidine in marine organisms. Marine environmental research 68, 19 -24.  

Holdway, D.A. 2002. The acute and chronic effects of wastes associated with offshore oil 

and gas production on temperate and tropical marine ecological processes. Marine Pollu-

tion Bulletin 44, 185 -203.  

Honkanen, M., Häkkinen, J., Posti, A. 2013. Assessment of the chemical concent rations 

and the environmental risk of tank cleaning effluents in the Baltic Sea. The WMU Journal 

of Maritime Affairs. Doi 10.1007/s13437 -013 -0042 -9.  

Hunter, T., Taylor, M. 2014. Deep Seabed Mining in the South Pacific. A Background Paper, 

Centre for Intern ational Minerals and Energy Law.  

IAEA (International Atomic Energy Agency). 1999. Inventory of radioactive waste dispos-

als at sea. IAEA -TECDOC-588, Vienna.  

IAEA. 2015. Inventory of radioactive material resulting from historical dumping, accidents 

and losse s at sea. IAEA -TECDOC-1776, Vienna.  

IMO (International Maritime Organization). 2000. Protocol on Preparedness, Response and 

Co-operation to Pollution Incidents by Hazardous and Noxious Substances (OPRC -HNS 

Protocol).  



 

112 

 

Ito, M., Mochida, K., Ito, K., Onduka, T., Fujii, K. 2013. Induction of apoptosis in testis of 

the marine teleost mummichog Fundulus heteroclitus after in vivo exposure to the anti-

fouling biocide 4,5 -dichloro -2-n-octyl -3(2H) - isothiazolone (Sea -Nine 211). Chemosphere 

90, 1053 -1060.  

ITOPF (The In ternational Tanker Owners Pollution Federation). 2005. Use of dispersants 

to treat oil spills. Technical information paper.  

Jaeckel, A. 2015. An Environmental Management Strategy for the International Seabed 

Authority? The Legal Basis. The International Jo urnal of Marine and Coastal Law 30(1), 

93 -119.  

Johansson, C.H., Janmar, L., Backhaus, T. 2014. Toxicity of ciprofloxacin and sulfameth-

oxazole to marine periphyticalgae and bacteria. Aquatic Toxicology 156, 248 -258.  

Kachel, M.J. 2008. The Marine Environment : Oceans under Threat. Particularly sensitive 

sea areas: the IMO's role in protecting vulnerable marine areas, Springer -Verlag New York, 

pp. 23 -36.  

Katsiaras, N., Simboura, N., Tsangaris, C., Hatzianestis, I., Pavlidou, A., Kapsimalis, V. 

2015. Impacts of dredged -material disposal on the coastal soft -bottom macrofauna, Sa-

ronikos Gulf, Greece. Science of the Total Environment 508, 320 -330.  

Kempen, T. 2011. Efficacy, chemistry and environmental fate of tralopyril, a non -metal 

antifouling agent. European Coati ngs. Conference óóMarine Coatings IIIôô, Berlin, 28 Febru-

ary 2011.  

Konstantinou, I.K., Albanis, T.A. 2004. Worldwide occurrence and effects of antifouling 

paint booster biocides in the aquatic environment: a review. Environment International 

30, 235 -248.  

Koutsaftis, A., Aoyama, I. 2007. Toxicity of four antifouling biocides and their mixtures on 

the brine shrimp Artemia salina. Science of the Total Environment 387, 166 -174.  

Lai, H.T., Hou, J.H., Su, C.I., Chen, C.L. 2009. Effects of chloramphenicol, florfen icol, and 

thiamphen - icol on growth of algae Chlorella pyrenoidosa, Isochrysis galbana, a nd Tetra-

selmis chui. Ecotoxicol ogy and Environmental Safety 72, 329 -334.  

Lakhal, S.Y., Khan, M.I., Islam, M.R. 2009. An óóOlympicôô framework for a green decom-

missionin g of an offshore oil platform. Ocean & Coastal Management 52, 113 -123.  

Lalumera, G.M., Calamari, D., Galli, P., Castiglioni, S., Crosa, G., Fanelli, R. 2004. Prelim-

inary investi -gation on the environmental occurrence and effects of antibiotics used in 

aquaculture in Italy. Chemosphere 54, 661 -668.  

Landquist, H., Hassellöv, I.M., Rosén, L., Lindgren, J.F., Dahllöf, I. 2013. Evaluating the 

needs of risk assessmen t methods of potentially polluting shipwrecks. Journal of Environ-

mental Management 119, 85 -92.  

Langford, K. 2011. Environmental screening of ve terinary medicines used in aqua culture, 

difluben -zuron and teflubenzuron. Report no. 1086/2011. Norwegian Climate  and Pollution 

Agency (Klif).  

Leipe, T., Moros, M., Kotilainen, A, Vallius, H., Kabel, K., Endler, M., Kowalsk, N. 2103. 

Mercury in Baltic Sea sediments ðNatural background and anthropogenic impact. Chemie 

der Erde 73, 249 -259.  

Lennquist, A., Hilvarsson, A. , Förlin, L. 2010. Responses in fish exposed to medetomidine, 

a new antifouling agent. Marine Environmental Research 69, S43 -S45.  

Leston, S., Nunes, M., Viegas, I., Nebot, C., Cepeda, A., Pardal, M.A., Ramos, F. 2014. 

The influence of sulfathiazole on the macroalgae Ulva lactuca. Chemosphere 100, 105 -

110.  



 

113 

 

Liebezeit, G. 2002. Dumping and re -occurrence of ammunition on the German North Sea 

coast. In: Missiaen, T., Henriet, J.P. (eds.). Chemical Munition Dump Sites in Coastal En-

vironments. Federal Office for S cientific, Technical and Cultural Affairs (OSTC), Brussels, 

Belgium, pp. 13 -26.  

Liehr, G.A., Heise, S., Ahlf, W., offermann, K., Witt, G. 2013. Assessing the risk of a 50 -

year -old dump site in the Baltic Sea by combining chemical analysis, bioaccumulation,  and 

ecotoxicity. Jour -nal of Soils and Sediments 13, 1270 -1283.  

Loos, R. 2012. Analytical methods for the new proposed Priority Substances of the Euro-

pean Water Framework Directive (WFD). Revision of the Priority Substance List. JRC Tech-

nical Reports.  

Lot ufo, G.R., Rosen, G., Wild, W., Carton, G. 2013. Summary Review of the Aquatic Tox-

icology of Munitions Constituents. U.S. Army Corps of Engineers, Washington. Report 

Number ERDC/EL TR -13 -8. Work Unit 33143.  

Lucchetti, D., Fabrizi, L., Guandalini, E., Podestà, E., Marvasi, L., Zaghini, A., Coni, E. 

2004. Long depletion time of enrofloxacin in rainbow trout (Oncorhynchus mykiss). Anti-

microbial Agents and Chemotherapy, 48(10), 3912 -3917.  

Lützhøft, H.C.H., Hallin g-Sørensen, B., Jørgensen, S.E. 1999. Algal toxicity of antibacterial 

agents applied in Danish fish farming. Archives of Environmental Contamination and Tox-

icology 36, 1 -6.  

Madsen, T., Gustavsson, K., Samsøe -Petersen, L., Simonsen, F., Jakobsen, J., Fovers kov, 

S., Larsen, M.M. 2000. Ecotoxicological assessments of antifouling biocides and nonbio-

cidal paints. Environmental project No. 531. Danish Environmental Protection Agency.  

Major , D., Derbes , R.S., Wang, H., Roy-Engel , A. M. 2016.  Effects of corexit oil dispersants 

and the WAF of dispersed oil on DNA  damage and repair in cultured human bronchial 

airway cells, BEAS -2B. Gene Reports 3, 22 -30.  

Marcheselli, M., Conzo, F., Mauri, M., Simonini, R. 2010. Novel antifouling agent ðZinc 

pyrithione: Short -  and long - term effects on survival and reproduction of the marine poly-

chaete Dinophilus gyrociliatus. Aquatic Toxicology 98, 204 -210.  

Marcheselli, M., Azzoni, p., Mauri, M. 2011. Novel antifouling agent -zinc pyrithione: Stress 

induc - tion and genotoxicity to the  marine mussel Mytilus galloprovincialis. Aquatic Toxi-

cology 102, 39 -47.  

Marine Institute for SWRBD. 2007. Veterinary treatments and other substances used in 

finfish aquaculture in Ireland. Report of March 2007, 31 pp.  

Martínez, K., Ferrer, I., Barceló, D.  2000. Part -per - trillion level det ermination of antifouling 

pesti cides and their byproducts in seawater samples by off - line solid -phase extraction fol-

lowed by high -performance liquid chromatography ïatmospheric pressure chemical ioniza-

tion mass spectrome - tr y. Journal of Chromatography A879, 27 -37.  

Martínez Bueno, M.J., Hernando, M.D., Agüera, A., Fernández -Alba, A.R. 2009. Application 

of passive sampling devices for screening of micro -pollutants in marine aquaculture using 

LCïMS/MS. Talanta 77, 1518 -1527.  

Mayor, D.J., Solan, M., Martínez, I., Murray, L., McMillan, H., Paton, G.I., Killham, K. 2008.  

Acute toxicity of some treatments commonly used by the salmonid aquaculture industry 

to Corophium volutator and Hediste diversicolor: Whole sediment bioassay test s. Aqua-

culture 285, 102 -108.  

McCormack, P., Jones, P., Hetheridge, M.J., Rowland, S.J. 2001. A nalysis of oilfield pro-

duced wa ters and production chemicals by electrospray ionisation multi - stage mass spec-

trometry (ESI -MS). Water Research 35(15), 3567 -3578.  

McLaughlin, C., Falatko, D., Danesi, R., Albert, R. 2014. Characterizing shipboard 

bilgewater effluent before and after treatment. Environmental Science and Pollution Re-

search 21, 5637 -5652.  



 

114 

 

Medvedeva, N., Polyak, Y., Kankaanpää, H., Zaytseva, T. 2009.Micr obial responses to sul-

fur mus - tard dumped in the Baltic Sea. Marine Environmental Research 68, 71 -81.  

Meier, S., Morton, H.C., Nyhammer, G., Grøsvik, B.E., Makhotin, V., Geffen, A., Boitsov, 

S., Kvestad, K.A., Bohne -Kjersem, A., Goksøyr, A., Folkvord, A., Klungsøyr, A., Svardal, 

A. 2010. Development of Atlantic cod (Gadus morhua) exposed to produced wat er during 

early life stages: Ef fects on embryos, larvae, and juvenile fish. Marine Environmental Re-

search 70, 383 -394.  

Méndez, N. 2006. Effects of teflubenzu ron on sediment processing by members of the 

Capitella species -complex. Environmental Pollution 139, 118 -124.  

Menin, A., Ballarin, L., Bragadin, M., Cima, F. 2008. Immunotoxicity in ascidians: Antifoul-

ing com -pounds alternative to organotins ï II. The case  of Diuron and TC MS pyridine. 

Journal of Environ mental Science and Health Part B 43, 644 -654.  

Missiaen, T., Söderström, M., Popescu, I., Vanninen, P. 2010. Evaluation of a chemical 

munition dumpsite in the Baltic Sea based on geophysical and chemical inves tigations. 

Science of the Total Environment 408, 3536 -3553.  

Mochida, K., Fujii, K. 2009a. Toxicity in Plankton and Fish. In: Arai, T., Harino, H., Ohji, 

M., Langston, V.J. (eds.). Ecotoxicology of Antifouling Biocides. Springer, pp. 365 -382.  

Mochida, K., F ujii, K. 2009b. Further Effects of Alternative Biocides on Aquatic Organisms. 

In: Arai, T., Harino, H., Ohji, M., Langston, V.J. (eds.). Ecotoxicology of Antifouling Bio-

cides. Springer, pp. 383 -393.  

Mochida, K., Onduka, T., Amano, H., Ito, M., Ito, K., Tan aka, H., Fujii, K. 2012. Use of 

species sensitivity distributions to predict no effect concentrations of an antifouling biocide, 

pyridine triphenyl -borane, for marine organisms. Marine Pollution Bulletin 64, 2807 -2814.  

Mukherjee, A., Rao, M., Rameh, U.S. 2 009. Predicted concentrations of biocides from an-

tifouling paints in Visakhapatnam Harbour. Journal of Environmental Management 90, 

S51 -S59.  

Muñoz, I., Martínez Bueno, M.J., Agüera, A., Fernández -Alba, A.R. 2010. Environmental 

and human health risk assessm ent of organic micro -pollutants occurring in a Spanish ma-

rine fish farm. Environmental Pollution 158, 1809 -1816.  

Myers, J.H., Gunthorpe, L., Allinson, G. et al. 2006. Effects of antifouling biocides to the 

germina - tion and growth of the marine macroalga, H ormosira banksii (Turner) Desicaine. 

Marine Pollution Bulletin 52, 1048 -1055.  

Neff, J.M. 2002. Bioaccumulation in marine organisms. Effects of contaminants from oil 

well pro -duced waters. Elsevier Sciences, 439 pp.  

Neff, J.M. 2005. Composition, environment al fates, and biological effects of water based 

drilling muds and cuttings discharged to the marine environment. Prepared for Petroleum 

Environmental Research Forum (PERF) and American Petroleum Institute. 73 pp.  

Neff, J.M., Lee, K., DeBlois, E.M. 2011. Pr oduced Water: Overview of Composition, Fates, 

and Effects. In: Lee, K., Neff, J. (eds.). Produced Water. Environmental risks and advances 

in mitigation technologies, Springer, pp. 3 -56.  

Neuparth, T., Moreira, S.M., Santos, M.M., Reis -Henriques, M.A. 2011. Hazardous and 

Noxious Substances (HNS) in the marine environment: Prioritizing HNS that pose major 

risk in a European context. Marine Pollution Bulletin 62, 21 -28.  

Neuparth, T., Moreira, S.M., Santos, M.M., Reis -Henriques, M.A. 2012. Review of oil and 

HNS accidental spills in Europe: Identifying major environmental monitoring gaps and 

drawing priorities. Marine Pollution Bulletin 64, 1085 -1095.  

Neuparth, T., Capela, R., Rey -Salgueiro, L., Moreira, S.M., Santos, M.M., Reis -Henriques, 

M.A. 2013. Simulation of  a Hazardous and Noxious Substances (HNS) spill in the marine 



 

115 

 

environment: Lethal and sublethal effects of acrylonitrile to the European seabass. Chem-

osphere 93, 978 -985.  

Nikolaou, M., Neofitou, N., Skordas, K., Castritsi -Catharios, I., Tziantziou, L. 2014 . Fish 

farming and anti - fouling paints: a potential source of Cu and Zn in farmed fish . Aquacul-

ture Environment Inter actions 5, 163 -171.  

NRC (National Research Council). 2003. Oil in the Sea III: Inputs, Fates, and Effects. 

National Academies Press, 280 pp . 

OGP (International Association of Oil & Gas Producers). 2012. Decommissioning of offshore 

con crete gravity based structures (CGBS) in the OSPAR maritime area/other global re-

gions. Report No. 484, November 2012.  

Ohlauson, C. 2013. Ecotoxicology of Antifou ling Biocides with Special Focus on the Novel 

Antifou - lant Medetomidine and Microbial Communities. University of Gothenburg.  

Okamura, H., Watanabe, T., Aoyama, I., Hasobe, M. 2002. Toxicity evaluation of new 

antifouling compounds using suspension -cultured fish cells. Chemosphere 46, 945 -951.  

Okamura, H., Kitano, S., Toyota, S., Harino, H., Thomas, K.V. 2009. Ecotoxicity of the 

degradation products of triphenylborane pyridine (TPBP) antifouling agent. Chemosphere 

74, 1275 -1278.  

Oliveira, I.B., Beiras, R., Th omas, K.V., Suter, M.J.F., Barroso, C.M. 2014. Acute toxicity 

of tralopyril, capsaicin and triphenylborane pyridine to marine invertebrates. Ecotoxicology 

23, 1336 -1344.  

Olsvik, P.A., Ørnsrud, R., Lunestad, B.T., Steine, N., Fredriksen, B.N. 2014. Transcri ptional 

responses in Atlantic salmon (Salmo salar) exposed to deltamethrin, alone or in combina-

tion with azamethiphos. Comparative Biochemistry and Physiology, Part C 162, 23 -33.  

Olsvik, P.A., Urke, H.A., Nilsen, T.O., Ulvund, J.B., Kristensen, T. 2015. Ef fects of mining 

chemicals on fish: exposure to tailings containing Lilaflot D817M induces CYP1A transcrip-

tion in Atlantic salmon smolt. BMC Research Notes. doi: 10.1186/s13104 -015 -1342 -2.  

Onduka, T., Ojima, D., Ito, M., Ito, K., Mochida, K., Fujii, K. 2013 . Toxicity of the antifoul-

ing biocide Sea -Nine 211 to marine algae, crustacea, and a polychaete. Fisheries Science 

79(6), 999 -1006.  

de Orte, M.R., Carballeira, C., Viana, I.G., Carballeira, A. 2013. Assessing the toxicity of 

chemical compounds associated w ith marine land -based fish farms: The use of mini -scale 

microalgal toxicity tests. Chemistry and Ecology 29(6), 554 -563.  

OSPAR. 2005. Hazardous Substances Series: Trifluralin. OSPAR Commission. 2005 Up-

date.  

OSPAR. 2006. Overview assessment: Implementation of PARCOM Recommendation 94/6 

on Best Environmental Practice (BEP) for the Reduction of Inputs of Potentially Toxic 

Chemicals from Aquaculture Use. OSPAR Hazardous Substances Series 262, pp. 59.  

OSPAR. 2009a. Trends in atmospheric concentrations and deposi tion of nitrogen and se-

lected hazardous substances to the OSPAR maritime area. Monitoring and Assessment 

Series.  

OSPAR. 2009b. Assessment of Impacts of Mariculture. Biodiversity Series.  

OSPAR. 2009c. JAMP assessment of the environmental impact of dumping o f wastes at 

sea. Biodiversity Series.  

OSPAR. 2009d. Assessment of the impact of dumped conventional and chemical muni-

tions. Biodiversity Series.  

OSPAR. 2010a. Quality Status Report 2010. Assessment of the impact of shipping on the 

marine environment.  



 

116 

 

OSPAR. 2010b. Position paper on the implications of deep sea disposal of radioactive 

waste. Meeting of the Radioactive Substances Committee (RSC), Stockholm, Sweden, 20 -

23 April 2010.  

OSPAR. 2010c. Overview of Past Dumping at Sea of Chemical Weapons and Mu nitions in 

the OSPAR Maritime Area -  2010 update. Biodiversity Series 2010.  

OSPAR. 2014a. Assessment of the OSPAR report on discharges, spills and emissions to air 

from offshore oil and gas, 2010 -2012. Offshore Industry Series.  

OSPAR. 2014b. Report on Histo ric Deep Sea Disposal of Radioactive Waste in Laypersonôs 

Language. Meeting of the Radioactive Substances Committee (RSC), London, United King-

dom, 11 -13 Febru -ary 2014.  

PAN pesticides Database. 2014. Pesticide Action Network North America.  

Parnell, P.E., Groce, A.K., Stebbins, T.D., Dayton, P.K. 2008. Discriminating sources of 

PCB contami -nation in fish on the coastal shelf off San Diego, California (USA). Marine 

Pollution Bulletin 56, 1992 -2002.  

Pascoe, G.A., Kroeger, K., Leisle, D., Feldpa usch, R.J. 2010. Munition constituents: Pre-

liminary sediment screening criteria for the protection of marine benthic invertebrates. 

Chemosphere 81, 807 -816.  

PERSEUS (Policy -oriented marine Environmental  Research in the Southern EUropean 

Seas) p olicy brief . 2015. http://www.perseus -net.eu/  

Pesticide Ecotoxicity Database [Formerly: Environmental Effects Database (EEDB)]. 2000. 

Environ -mental Fate and Effects Division, US EPA, Washington DC.  

Popovic, N.T., Strunjak -Perovic, I., Coz -Rakovac, R., Barisic, J., Ja dan, M., Berakovic, A.P., 

Klobucar, R.S. 2012. Tricaine methane -sulfonate (MS -222) application in fish anaesthesia. 

Journal of Applied Ichthyology 28, 553 -564.  

Posti, A., Häkkinen, J. 2012. Survey of transportation of liquid bulk chemicals in the Baltic 

Sea. Publications from the centre for maritime studies University of Turku.  

PPDB (Pesticide Properties DataBase). 2013. University of Hertfordshire.  

Price, A.R.G., Readman, J.W. 2013. Booster biocide antifoulants: is history repeating it-

self? In: Late lesson s from early warnings: science, precaution, innovation. Part B: Emerg-

ing lessons from ecosystems. European Environment Agency (EEA), pp. 265 -278.  

Purnell, K. 2009. Are HNS spills more dangerous than oil spills? In: Conference Proceed-

ings, Inter - spill Confe rence & the 4th IMO R&D Forum, Marseille, May 12 -14, 2009.  

Radovic, J.R., Rial, D., Lyons, B.P., Harman, C., Viñas, L., Beiras, R., Readman, J.W., 

Thomas, K.V., Bayona, J.M. 2012. Post - incident monitoring to evaluate environmental 

damage from shipping inci dents: Chemical and biological assessments. Journal of Envi-

ronmental Management 109, 136 -153.  

Ramirez -Llodra, E., Trannum, H.C., Evenset, A., Levin, L.A., Andersson, M., Finne, T.E., 

Hilario, A., Flem, B., Christensen, G., Schaanning, M., Vanreusel, A. 201 5. Submarine and 

deep -sea mine tailing placements: A review of current practices, environmental issues, 

natural analogs and knowledge gaps in Norway and internationally. Marine Pollution Bul-

letin 97, 13 -35.  

Readman, J.W., Albanis, T.A., Barcelo, D., Galass i, S., Tronczynski, J., Gabrielides, G.P. 

1997. Fungicide contamination of Mediterranean estuarine waters: results from a MED POL 

pilot survey. Marine pollution Bulletin 34(4), 259 -263.  

Readman, J.W. 2006. Development, occurrence and regulation of antifoul ing paint bio-

cides: histori - cal review and future trends. In: Konstantinou, I. (ed.). The Handbook of 

Environmental Chemistry: Antifouling Paint Biocides. Review Series in Chemistry, 

Springer ΆVerlag, Heidelbe rg, Germany, pp. 1 -5.  



 

117 

 

Readman, G.D., Owen, S.F.,  Murrell, J.C., Knowles, T.G. 2013. Do Fish Perceive Anaes-

thetics as Aversive? PLoS ONE 8(9): e73773. doi:10.1371/journal.pone.0073773.  

REDCOD. 2006. Final Scientific Report of the REDCOD project ï Research on environmen-

tal damage caused by chemical ordnan ce dumped at sea. Istituto Superiore per la 

Protezione e la Ricerca Ambientale (ISPRA), Italy.  

Remberger, M., Woldegiorgis, A., Kaj, L., Andersson, J., Cousins, A.P., Dusan, B., 

Ekheden, Y., Brorström -Lundén, E. 2006. Results from the Swedish Screening 200 5. Sub-

report 2: Biocides. Swedish Environmen tal Research Institute.  

Research Council of Norway. 2012. Long - term effects of discharges to sea from petroleum -

related activities. A sub -programme under the Oceans and Coastal Areas (Havkyst) pro-

gramme, PROOFNY,  and the concluded PROOF research programme.  

Rodgers, C.J., Furones, M.D. 2009. Antimicrobial agents in aquaculture: practice, needs 

and issues. In: Rogers, C., Basurco, B. (eds.). The use of veterinary drugs and vaccines 

in Mediterranean aquaculture. Zara goza, CIHEAM, Options Méditerranéennes: Série A. 

Séminaires Méditerranéens 86, 41 -59.  

Rogowska , J., Wolska , L., NamieŜnik , J. 2010.  Impacts of pollution derived from ship 

wrecks on the marine environment on the  basis of s/s ñStuttgartò (Polish coast, Europe) . 
Scien ce of the Total Environment 408, 5775 -5783 . 

Roose, P., Albaigés, J., Bebianno, M.J., Camphuysen, C., Cronin, M., de Leeuw, J., Gabri-

elsen, G., Hutchinson, T., Hylland, K., Jansson, B., Jenssen, B.M., Schulz -Bull, D., Szefer, 

P., Webster, L., Bakke, T., Janssen, C. 2011. Chemical Pollution in Europeôs Seas: Pro-

grammes, Practices and Priori - ties for Research, Marine Board Position Paper 16. In: 

Calewaert, J.B., McDonough, N. (eds.). Marine Board -ESF, Ostend, Belgium, 103 pp.  

Sammarco, P.W., Koli an, S.R., Warby, R.A.F., Bouldin, J.L., Subra, W.A., Porter, S.a., 

2013. Distribution and concentrations of petroleum hydrocarbons associated with the 

BP/Deepwater Horizon Oil Spill, Gulf of Mexico. Marine Pollution Bulletin 73, 129 -143.  

Samuelsen, O.B., L unestad, B.T, Husevag, B., Holleland, T., Ervik, A., 1992. Residues of 

oxolinic acid in wild fauna following medication in fish farms. Diseases of Aquatic Organ-

isms 12, 111 -119.  

Samuelsen, O.B., Lunestad, B.T., Farestveit, E., Grefsrud, E.S., Hannisdal, R. , Holmelid, 

B., Tjensvoll, T., Agnalt, A.L. 2014. Mortality and deformities in European lobster 

(Homarus gammarus) juveniles exposed to the anti -parasitic drug teflubenzuron. Aquatic 

Toxicology 149, 8 -15.  

Sánchez -Rodríguez, Á., Sosa -Ferrera, Z., Santana -Rodríguez, J. 2011a. Applicability of 

microwave -assisted extraction combined with LC ïMS/MS in the evaluation of booster bio-

cide levels in harbour sediments. Chemosphere 82, 96 -102.  

Sánchez -Rodríguez, Á.,  Sosa -Ferrera, Z., Santana -del Pino, A., Santana -Rodríguez, J. 

2011b. Probabilistic risk assessment of common booster biocides in surface waters of the 

harbours of Gran Canaria (Spain). Marine Pollution Bulletin 62, 985 -991.  

Sanderson, H., Fauser, P., Thom sen, M., Sørensen, P.B. 2007. PBT screening profile of 

chemical warfare agents (CWAs). Journal of Hazardous Materials 148, 210 -215.  

Sanderson, H., Fauser, P., Thomsen, M., Sørensen, P.B. 2008. Screening level fish com-

munity risk assessment of chemical warf are agents in the Baltic Sea. Journal of Hazardous 

Materials 154, 846 -857.  

Sanderson, H., Fauser, P., Thomsen, M., Sørensen, P.B. 2009. Human health risk screen-

ing due to consumption of fish contaminated with chemical warfare agents in the Baltic 

Sea. Jour nal of Hazardous Materials 162, 416 -422.  

Sanderson, H., Fauser, P., Thomsen, M., Larsen, J.B. 2012. Weight -of -evidence environ-

mental risk assessment of dumped chemical weapons after WWII along the Nord -Stream 

gas pipeline in the Bornholm Deep. Journal of H azardous Materials 215 -216, 217 -226.  



 

118 

 

SCHER (Scientific Committee on Health and Environmental Risks). 2009. Voluntary Risk 

Assessment Report on Copper and its compounds, Environmental Part, 12 February 2009.  

Schroeder, D.M., Love, M.S. 2004. Ecological and political issues surrounding decommis-

sioning of offshore oil facilities in the Southern California Bight. Ocean & Coastal Manage-

ment 47, 21 -48.  

Science for Environment Policy. 2012. Offshore Exploration and Expl oitation in the Medi-

terranean. Impacts on Mar ine and Coastal Environments. Future Briefs 3, April 2012.  

SEPA (Scottish E nvironment Protection Agency). 2009. The Occurrence of Chemical Resi-

dues in Sediments in Loch Linnhe, Loch Ewe and Loch Nevis: 2009 Survey. Aquaculture 

Project Management Group (APM G), Report: JT000811_JT.  

SEPA. 2014. Supporting Guidance (WAT -SG-53). Environmental Quality Standards and 

Standards for Discharges to Surface Waters. V5.1 released July 2014.  

Simpson, S.L., Spadaro, D.A., OôBrien, D. 2013. Incorporating bioavailability int o man-

agement limits for copper in sediments contaminated by antifouling paint used in aqua-

culture. Chemosphere 93, 2499 -2525.  

Smith, R.W., Vlahos, P., Tobias, C., Ballentine, M., Ariyarathna, T., Cooper, C. 2013. 

Removal rates of dissolved munitions compou nds in seawater. Chemosphere 92, 898 -904.  

Sprovieri, M., Barra, M., Del Core, M., Di Martino, G., Giaramita, L., Gherardi, S., Innangi, 

S., Oliveri, E., Passaro, S., Romeo, T., Rumolo, P., et al. 2013. Marine pollution from 

shipwrecks at the sea bottom: A case study from the Mediterranean basin. In: Hughes, 

T.B. (ed.). Mediterranean Sea: Ecosystems, Economic Importance and Environmental 

Threats (Marine Biology:  Ocean ography and Ocean Engineering), pp. 35 -164.  

Swedish Chemicals Agency, 2011. Approval of copp er paints in the Baltic Sea.  

Techera, E.J., Chandler, J. 2015. Offshore installations, decommissioning and artificial 

reefs: Do current legal frameworks best serve the marine environment? Marine Policy 59, 

53 -60.  

Telfer, T.C., Baird, D.J., McHenery, J.G., Stone, J., Sutherland, I., Wislocki, P. 2006. En-

vironmental effects of the anti - sea lice (Copepoda: Caligidae) therapeutant emamectin 

benzoate under commercial use conditions in the marine environment. Aquaculture 260, 

163 -180.  

Testa, D. 2014. Dealing with  Decommissioning Costs of Offshore Oil and Gas Field Instal-

lations: An Appraisal of Existing Regimes. Oil, Gas & Energy Law (OGEL) 12(1), 

www.ogel.org/article.asp?key=3432.  

Theobald, N. 2002. Chemical munitions in the Baltic Sea. In: Missiaen, T., Henriet,  J.P. 

(eds.). Chem - ical Munition Dump Sites in Coastal Environments. Federal Office for Scien-

tific, Technical and Cultural Affairs (OSTC), Brussels, Belgium, pp. 95 -106.  

Thomas, K.V., Langford, K.H. 2009. The Analysis of Antifouling Paint Biocides in Water , 

Sediment and Biota. In: Arai, T., Harino, H., Ohji, M., Langston, V.J. (eds.). Ecotoxicology 

of Antifouling Bio -cides, Springer, pp. 311 -327.  

Thomas, K.V., Brooks, S. 2010. The environmental fate and effects of antifouling paint 

biocides. Biofouling 26, 73 -88.  

Tornero, V., Hanke, G. In press. Chemical contaminants entering themarine environment 

fromsea -based sources: A review with  a focus on European seas.  Marine Pollution Bulletin. 

http://dx.doi.org/10.1016/j.marpolbul.2016.06.091 . 

Tournadre, J. 2014. Ant hropogenic pressure on the open ocean: The growth of ship traffic 

revealed by altimeter data analysis. Geophysical Research Letters 41, 7924 -7932.  

Tsunemasa, N., Tsuboi, A., Okamura, H. 2013. Effects of Organoboron Antifoulants on 

Oyster and Sea Urchin Emb ryo Development. International Journal of Molecular Sciences 

14, 421 ï433.  



 

119 

 

Tu, H.T., Silvestre, F., Bernard, A., Douny, C., Phoung, N.T., Tao, C.T., Maghuin -Rogister, 

G., Keste -mont, P. 2008. Oxidative stress response of black tiger shrimp (Penaeus mono-

don)  to enrofloxacin and to culture system. Aquaculture 285, 244 -248.  

UNEP/MAP. 2015. Twelfth Meeting of Focal Points for Specially Protected Areas, Athens, 

Greece, 25 -29 May 2015. Agenda item 8: Implementation of the Ecosystem Approach to 

the management of hu man activities that may affect the Mediterranean marine and coastal 

environment in the framework of the Mediterranean Action Plan (MAP)/Barcelona Conven-

tion (EcAp). 8.2. Draft Integrated Monitoring and Assessment Programme. 

UNEP(DEPI)/MED WG.408/6.  

US FDA (United States Food and Drug Administration). 2013. Code of Federal Regulations 

Title 21. Silver Spring, MD. 

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?CFRPart=556.  

USEPA (United States Environmental Protection Agency). 1999. Registration Eligibility De-

cision for Folpet. Office of prevention, pesticides and toxic substances.  

USEPA. 2003. Draft Update of Ambient Water Quality Criteria for Copper. EPA 822 -R-03 -

026.  

USEPA. 2006. Registration Eligibility Decision for 2 - (Thioc yanomethylthio) -benzothiazole 

(TCMTB). Office of prevention, pesticides and toxic substances.  

USEPA. 2009. Section 3 Request for a New Use of the Insecticide Emamectin Benzoate 

(PC Code 122806). Office of prevention, pesticides and toxic substances.  

USEPA. 2010. Study of Discharges Incidental to Normal Operation of Commercial Fishing 

Vessels and Other Non -Recreational Vessels less than 79 ft. Report to Congress, Washing-

ton, D.C.  

Van Doorslaer, X., Dewulf, J., Van Langenhove, H., Demeestere, K. 2014. Fluoro quinolone 

antibiot - ics: An emerging class of environmental micropollutants. Science of the Total En-

vironment 500 -501, 250 -269.  

Van Sprang, P., Vangheluwe, M., Van Hyfte, A., Heijerick, D., Vandenbroele, M., Verdonck, 

F., Long, K., Delbeke, K., Dwyer, B., A dams, B. 2008. European Union Risk Assessment 

of copper, copper ii sulphate pentahydrate, copper(i)oxide, copper(ii)oxide, dicopper chlo-

ride trihydroxide. Chapter 3.2 ï Environmental effects, effects to marine organisms.  

Van Wezel, A.P., Van Vlaardingen, P.  2004. Environmental risk limits for antifouling sub-

stances. Aquatic Toxicology 66, 427 -444.  

Veldhoen, N., Ikonomou, M.G., Buday, C., Jordan, J., Rehaume, V., Cabecinha, M., 

Dubetz, C., Chamberlain, J., Pittroff, S., Vallée, K., van Aggelen, G., Helbing, C .C. 2012. 

Biological effects of the anti -parasitic chemotherapeutant emamectin benzoate on a non -

target crustacean, the spot prawn (Pandalus platyceros Brandt, 1851) under laboratory 

conditions. Aquatic Toxicology 108, 94 -105.  

Vethaak, D., Van Der Meer, J.  1991. Fish disease monitoring in the Dutch part of the North 

Sea in relation to the dumping of waste from titanium dioxide production. Chemistry and 

Ecology 5(3), 149 -170.  

Voulvoulis, N., Scrimshaw, M.D., Lester, J.N. 2002. Comparative environmental asses s-

ment of biocides used in antifouling paints. Chemosphere 47, 789 -795.  

Voulvoulis, N. 2006. Antifouling Paint Booster Biocides: Occurrence and Partitioning in 

Water and Sediments. In: Konstantinou, I. (ed.). The Handbook of Environmental Chem-

istry: Antifou ling Paint Biocides. Review Series in Chemistry, Springer ΆVerlag, Heidelbe rg, 

Germany, pp. 155 -170.  

Wang, J., Zhao, F., Yang, X., Han, W., Long, K., Zhou, Y. 2014a. Marine Environmental 

Risk Assessment Method for Active Substances Used in Antifouling Syste ms on Ships in 

China. Advanced Materials Research 864 -867, 962 -972.  



 

120 

 

Wang, J., Shi, T., Yang, X., Han, W., Zhou, Y. 2014b Environmental risk assessment on 

capsaicin used as active substance for antifouling system on ships. Chemosphere 104, 85 -

90.  

Wasserman,  J.C., Barros, S.R., Alves, G.B. 2013. Planning dredging services in contami-

nated sedi -ments for balanced environmental and investment costs. Journal of Environ-

mental Management 121, 48 -56.  

Wendt, I. 2013. On the Efficacy and Ecotoxicity of Antifouling Bio cides. Lethal and Suble-

thal Effects on Target and Non - target Organisms. Thesis, Goteborg University.  

Willemsen, P.R. 2005. Biofouling in European aquaculture: is there an easy solution? Eu-

ropean Aquaculture Society Special Publication, 35, 82 -87.  

Yamada, H. 2006. Toxicity and Preliminary Risk Assessment of Alternative Antifouling Bi-

ocides to Aquatic Organisms. In: Konstantinou, I. (ed.). The Handbook of Environmental 

Chemistry: Antifoul - ing Paint Biocides. Review Series in Chemistry, Springer ΆVerlag, Hei-

delbe rg, Germany, pp. 213 -226.  

Yebra, D.M., Kiil, S., Dam -Johansen, K. 2004. Antifouling technology ðpast, present and 

future steps towards efficient and environmentally friendly antifouling coatings. Progress 

in Organic Coatings 50, 75 -104.  

Zheng, Q., Zhang,  R., Wang, Y., Pan, X., Tang, J., Zhang, G. 2012. Occurrence and dis-

tribution of antibiotics in the Beibu Gulf, China: Impacts of river discharge and aquaculture 

activities. Marine Environmental Research 78, 26 -33.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

121 

 

List of abbreviations and definitions  

AA: Annual average  

ACE project: Assessment of Antifouling Agents in Coastal Environments  

ARCOPOL: Atlantic Region -Coastal Pollution Response  

RAMOCS: Implementation of risk assessment methodologies for oil and chemical spills in 

the Euro pea n marine environment  

Barcelona Convention: Convention for the Protection of Marine Environment and the 

Coastal Region of the Mediterranean  

BCF: Bioconcentration Factor, which reflects the extent to which pollutants concentrate 
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EC10: Effective Concentration of a toxic substance at 10% inhibition  
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